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Combined Steam and Gas Turbine Cycles 


Combustion Control For Two Solid Fuels 


Solid State Electric Control For Boilers 
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The VU-60 can operate over a 


wide load range while 








Only a simple reinforced-con 


main crete slab is required. No con 


taining superheated steam tem ventional roller supports are 
peratures close to the design needed 
point 
Modular components allow 
Cross-flow baffling and sym proportioning of boiler for best 


metrical boiler 
low draft loss, eliminating 
gish flow in any pass 
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VU-60 SPECIFICATIONS 


Capacities: 

Design pressures: 
Steam temperatures: 
Fuels: 

Firing: 

Size increments 


Steam drum sizes: 


bank assure 


combustion, heat absorption and 


slug gas flow—even where space prob 
lems exist 
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-VU-60 


THE NEW C-E BOILER 
_ THAT’S CUSTOM-DESIGNED 
| FROM MODULAR COMPONENTS 


The VU-60 all-welded 
pressure-tight envelope com 
posed of modular panels of finned 


is an Front elevation shows simplic 

ity of platform arrangements 
Platforms are attached to the 
boiler itself, minimizing the need 


for additional supports. 


tubes. Minimum field welding cuts 


erection time 


Where top outlet is desired, 
air preheater may be located 
above unit, as illustrated 


Insulation and pre-formed lag 

ging are applied directly over 
tube panels. This reduces non 
working weight per 
steam generated 


pound of 


i of} 








a a f 
a | b— 
(Gas) 
ay an 
a j _— 
=| C} 











100,000 to 250,000 Ib/hr 

250, 500, 750, 1040 psi 

to 900F 

Oil and/or gas 

Horizontal (front wall) or tangential 
Depth—twelve 


Width—eight 
Height—three 
Four 


The VU-60 can be designed to meet your most exacting 
steam needs. It’s easy to install, economical and reliable in 
operation, completely accessible and functional. Get full 
information on how this new concept can fulfill your special- 
ized requirements. 
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The first direct barge 
loading coal mine in 
Illinois, the Banner 
Mine of the United 
Electric Coal Companies 
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The Theory of Combined Steam and Gas Turbine 
Installations . . . 30 


C. Seippel and R. Bereuter 


An excellent survey of the basic combinations worthy of 
consideration and a scholarly discussion of their workings 
and their thermodynamics 


A Concept of Combustion Control for Firing Two Solid Fuels . . . 43 
Carl E. Rodenburg 


Controls of a single solid fuel aided by either a gas or an 
oil fuel lend themselves to proved treatments. Two 
solids, however, can mean problems. Here is one of the 
better approaches we have seen. 


Application of Solid State Electric Control to Utility Boilers . . . 48 
E. E. Swanson 


The age-old handling of boiler controls by separate checks 
on separate functions has lost out to the need for full 
process loop controls. This article discusses control 
devices 


Abstracts From the Technical Press—Abroad and Domestic . . . 54 


Editorial: Plain Words 


Capricorn . . . 29 
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... it’s welded steel boiler tubing 
by The Standard Tube Company 


Seldom seen, but performing one of the most 
important functions in any steam power system, 
welded steel tubing forms the heart of power boilers. 
In any combustion application, conventional or 
nuclear, The Standard Tube Company has become a 
invisible worker... leader in the design and fabrication of welded steel 
tubing. Dimensional accuracy; uniform ductility; 
heavier wall thicknesses; complete testing and 
quality control facilities are good reasons why The 
Standard Tube Company stands ready to deliver 


high quality at low cost. Write for brochure No. 5. 


Find the power plant’s 
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THE STANDARD TUBE CO. 


Over 40 years specializing in Quality Welded Tubing 
DETROIT 39, MICHIGAN 
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TRAY-TYPE DEAERATOR 


Look at the ‘‘red™ area of the two charts 
shown here. Virtually every deaerator’s 
\ Performance under partial load falls some- 
| Where in this area. You should consider 
| this performance critically in evaluating 
| new deaerator quotations. 





Why is this area important? As you 
know, many electric generating plants 
that start up as full load base plants will 
+eventually be switched to part-load peak- 
ing plants. At that time all components 
will be under partial loads. They should, 
therefore, also have been evaluated for 
partial load performance when purchased 


| 


Why is this so important for deaerators? 
Many makes of deaerators that perform 
comparably at full loads separate widely 
i partial load performance. In many, 
Performance stays level or actually be- 
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STEAM JET DEAERATOR 


IN TH 


comes poorer under partial load ...soa 
performance curve falls high in the red 
areas, above. 

Now note the performance of both 
Worthington deaerator designs. Both 
types meet the most exacting full-load 
performance requirement. Then, as load 
falls off, performance actually improves 
sharply. We believe you'll find no other 
deaerator performs so well in this partial 
load area. 

Why are the Worthington deaerators 
better? Both types have a true counter 
flow design that is effective at all flow 
rates. Even at minimum flow the spray 
valves atomize fully. And the ideal dis- 
tribution and flow direction is maintained 
by a more efficient baffle pattern. 

Worthington deaerator designs result 


“RED”? 


from unmatched experience in the fluid- 
handling group of power plant compo- 
nents. To draw on this experience —or for 
a deaerator quotation—contact your near- 
est Worthington District Office. Or write 
Worthington Corporation, Section 45-22, 
Harrison, N. J. In Canada: Worthington 
(Canada) Ltd., Brantford, Ontario. 
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PRODUCTS THAT WORK FOR YOUR PROFIT 





CRACK THE PROBLEM OF HANDLING 


NEXT WINTER'S FROZEN COAL—NOW! 


Pennsylvania's 
Frozen Coal Cracker 
is the answer 


If frozen coal handling is one of 
your winter problems—you can 
solve it with a Pennsylvania Frozen 


Coal Cracker. 


This is the specially-developed 
cracker with a wide feed opening, 
permitting use of open-throated 
hoppers. Dumped directly into 
such hoppers (no need for grates) 
the frozen masses of coal work 
their way freely to the hopper 
bottom where they are broken up 
by blows from the cracker’s special 
teeth. 

A uniform product with limited 
top size and minimum fines is fed 
conveyors, protecting them from 
overload, and insuring a continu- 
ous flow of coal from unloading 
point to yards, or yards to plant. 


Cracker can be started up with 
full hopper; operates satisfactorily 
under choke feed. 


Breaker plates are designed so 
that in warm weather they can be 
opened up, permitting the coal to 
pass through without operating 
the crusher. 

Mechanically simple, built-in 
tramp iron protection. Low head- 
room required makes the Frozen 





Coal Cracker ideal to fit into exist- 
ing hoppers. Drives can be engi- 
neered to fit in a minimum of 
space. Capacities up to 1200 tons 
per hour. Available in single or 
twin units. 


ACT NOW 
Don’t be plagued by hopper jams, 
overloaded conveyors, slowdowns 
and high labor costs. Act now. 
Write for new Bulletin 2013. 
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PENNSYLVANIA CRUSHER DIVISION 


Batu Iron Works Corporation 
WEST CHESTER, PENNA. 
* 2s ! 
Over 50 years’ concentrated experience 
in all types of material reduction 
makes Pennsylvania your best source 
of crushers and engineering advice 
and service. Call on Pennsylvania 
with your next crushing problem. 


Representatives from coast-to-coast. 


BATH-BUILT 
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This compact Package Air Preheater is 

being installed on a 150,000 Ib/hr boiler 

at Olin Mathieson Chemical Corp.'s Brand- 

enburg, Kentucky, petrochemical plant. When 

in operation it will recover enough heat from 

the boiler exhaust to increase efficiency of 
the boiler between 8% and 9%. 


OLIN MATHIESON RECOVERS 360°F 
| FROM BOILER EXHAUST WITH 11'/2’ x 11’ x 8’ 
PREASSEMBLED LJUNGSTROM PACKAGE AIR PREHEATER 


|0lin Mathieson specified a Ljung- 
strom Package Air Preheater 
because it saves space as well as 
ifuel. Mathieson’s Ljungstrom 
joccupies only about 1000 cubic 
feet, but cuts boiler exhaust tem- 
)Perature from 680°F to 320°F — 

rION }PUts 360° of heat back to work in 
the boiler. 


The compact preassembled 
Package Air Preheater is ready to 
run when it’s delivered—just con- 
nect to the power line and ducts, 
and it’s on-stream. You make big 
savings on installation because 
there’s no on-the-spot erection. 

You can use a Ljungstrom Pack- 
age Air Preheater on boilers from 


25,000 to 250,000 pounds of steam 
per hour. For more information, 
write today for your free copy of 
a 14-page booklet. 


THE AIR PREHEATER 
CORPORATION 


60 East 42nd Street, New York 17, N.Y. 
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..-OUR PLUS 
to solve industry's toughest 
gas cleaning problems 


Nearly 50 years’ experience as the leading engineers 
and manufacturers of gas cleaning equipment. 


Hundreds of installations in various industries throughout the world, 
collecting dusts, fumes and mists, and cleaning gases from many sources. 
Here is partial list of applications. 


POWER—Fly ash collection 

STEEL—Basic oxygen, sintering and open hearth 
dust collection. 

PAPER—-Sodium salts recovery 

CHEMICAL—Aerosol and acid mist collection 

METALLURGICAL—Metallic dusts and fumes collection 

CEMENT—Kiln and finish mill dust collection 

GYPSUM—Kettle, mill and dryer dust collection 

PETRO-CHEMICAL—Catalyst recovery 

RUBBER—Carbon black collection 


High Efficiency, Reliable Low Operating Cost, 
Low Maintenance Cost, 
Industrial Gas Cleaning Equipment: 



















Cottrell Precipitators 

Collection efficiencies of over 99% are being 
obtained and guaranteed with Research-Cottrell 
Precipitators. 


Cycio-trell Mechanical Collectors 
These low first cost high efficiency collectors pro- 
vide greater separating forces and reduction in 
over-all resistance (pressure drop) than other types 
of mechanical collectors. They are available in 
multiple tube and involute designs. 


Combination Electrostatic- 
Mechanical Collectors Complete 

Under some conditions the most economical solu- System Evaluation 

tion to a gas cleaning problem is a combination of Research-Cottrell’s pioneering work 


the Cyclo-trell ahead of or after a Research-Cottrell and continuing experience with three- 
Precipitator. dimensional model studies has enabled 


us to appraise the complete gas clean- 
Btectrectatc Air Gloaners ing system and engineer the products 


Custom air cleaners such as those Research-Cottrell which guarantee high efficiency per 
developed for the Navy’s nuclear submarines are formance in every application. 
available for special applications. 


Fliooded Disc Scrubber If you have a gas cleaning problem 
Adjustable—High efficiency. No increase in pres- that requires an economical solution, 
sure drop, even at gas flows 50% over normal. No contact Research-Cottrell today. 
nozzles to wear or plug up. 


Research-Cottrell @ 


RESEARCH-COTTRELL, INC. Main Office and Plant: Bound Brook, New Jersey cesses 
mc-224 Representatives in principal cities of U. S. and Canada GAS CLEANING INSTITUTE 
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WHY YARWAY WELBONDS 


ARE SPECIFIED FOR 
HIGH PRESSURE 
VALVE JOBS 


Yarway Welbond Valves (sizes 4” 
through 2)4”) have won resound- 
ing acceptance from boiler room 
operators everywhere because of 
these 6 unique features—resulting 
in outstanding performance that is 
dependable and trouble-free: 


Full accessibility—all working parts readily removed 

through top of yoke. Jack action of stem forces out 

old packing. 

2 Guided valve stem of #321 stainless steel—will not 
“pit.”” Self-aligning, stellite-faced disc. 

3 High temperature inhibited stem packing furnishes 

double insurance against packing leaks. 


¢ ° 
4 Unique seat design with thermal compensating groove 


Four of many Yarway Welbonds installed in 
large eastern public utility plant. Steam pres- 
Sure 1850 psi; temperature 1000°F. 
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aring Company, Philadelphia 18, Pa. 


BRANCH OFFICES IN 19 UNITED STATES CITIES « SALES REPRESENTATIVES THROUGHOUT THE WORLD 







that prevents distortion during assembly welding and 
when welding valve into line. Also permits perfect seat- 
ing of disc for tight seal. Integral seat is stellite-faced. 


Ss One-piece forged chrome-moly steel body and yoke. 


6 Easy-grip, ventilated handwheel— makes operating a 
breeze’. 


More details—and list of users? Write Yarway. Ask for 


Bulletin B-454. 


ee 


Four Yarway Welbonds on main steam line to Six of 900 Yarway Welbonds at southwest 
turbine at southern power plant. Press. 2310 
psi; temp. 1000°F. Over 100 Welbonds here. 


utility. Boiler drum pressure in this plant— 
2150 psi; superheat temperature 1005°F. 








COOL WATER... 
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COOL WATER UNIT No. 1 
OPERATING DATA: KEY TO DRAWING 
Primary Steam Flow 475.000 Ib ‘hr A] L.T. Superheater Section 
sa H.T. Superheater Sect 
Desipn Pressure 2.050 ps  B uperneater section 
'C) H.T. Reheater Section 
Operating Pressure 1,850 psi 
D) L.T. Reheater Section 
Superheat Reheat 1,005F /1,005F 


rE) Tilting Tangential Burners 
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New Cool Water Steam Plant 
goes Into service 


On June 15th, the first of two steam generating units for 
California Electric Power Company’s new Cool Water sta- 
tion went into commercial service. 

The 62,000 kw capacity of Cool Water Unit No. 1 brings 
the California Electric system’s capability to 484,500 kw. 
Cool Water is served by a C-E steam generator of the radi- 
ant, reheat design equipped with tilting tangential burners. 
It is an outdoor-type unit, fired by natural gas and oil with 
provision for future pulverized coal firing. Cross-sectional 
elevation and brief description appear on the opposite page. 

Cool Water is located 12 miles east of Barstow, California, 
on a ranch from which it derives its name. Commercial oper- 
ation of the unit marks the 68th C-E-equipped new utility 
station to go into service since 1950. Consulting engineers: 
The Fluor Corporation, Ltd., Los Angeles. 
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NEW UTILITY STATIONS 
C-E EQUIPPED 


Includes only new stations 
on new sites 
placed in operation since 


JANUARY 1, 1950 


. Lake Catherine 
. Hutchison 

. Yates 

. Dunkirk 

. Titus 

. Lee 

. Contra Costa 

. Hawthorn 

. Ninemile Point 
. Edge Moor 

. Palatka 

. Johnsonville 

. Danskammer 

. Beckjord 

. Highgrove 

. Plant X 

. Black Dog 

. Albany 

. Joppa 

. Meramec 

. Portsmouth 

. Lake Creek 

. Etiwanda 

. Aurora 

. Hennepin 

. Eastlake 

. Oak Creek 

. Suwannee River 
. Urquhart 

. Kingston 

. Sandow 

. Mullergren 

. Barry 

. North Omaha 

. Wilmington 

. Carbon 

. Saguaro 

. Morro Bay 

. Vermilion 

. John Sevier 

. Collin 

. Milliken 

. Canaday 

. Gallatin 

. Barrett 

. Mitchell 

. San Bernardino 
. Yorktown 

. Gulf Coast 

. Tucson 

. Port Wentworth 
. W. A. Parish 

. Allen 

. Montrose 

. McMeekin 

. Lewis and Clark 
. Roy S. Nelson 
. Yuma Axis 

. Dickerson 

. Dan E. Karn 

. Willow Glen 

. Ocotillo 

. Darlington County 
. Port Everglades 
. Nichols 

. Eddystone 

. Brunner Island 
. Cool Water 
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Diamond developed for more ee power a 


PENNSYLVANIA ELECTRIC SE ast i 
HENTERS THAT WONT SAY CLEA 








To maintain constantly clean airheaters, thereby minimizing draft 
losses and reducing annual outage time, Pennsylvania Electric 
Company is installing Diamond Shot Cleaning Systems on Shaw- 
ville Station Steam Generating Units No. 1 and 2. Because Diamond 
Shot Cleaning Systems consistently have proved to be highly 
effective for this difficult cleaning application, Pennsylvania Electric 
anticipates significant savings through elimination of unpleasant 
manual cleaning and the costly boiler downtime that goes with it. 


The selection of Diamond Shot Cleaning is typical of Pennsylvania 
Electric’s continuing effort to achieve greater power generating 
efficiency. It also demonstrates the growing acceptance of a totally 
new concept in cleaning waste heat, recovery, and power boilers 
that defy cleaning by conventional methods. At your request, our 
engineers will be happy to discuss the application of Diamond Shot 
Cleaning to your new or existing steam generator. Call, write or wire. 


This is the new trademark of Diamond Power 
...asymbol of quality, integrity and progress... 
in products, systems and service. 


DIAMOND ff POWER SPECIALTY CORPORATION, Lancaster, Ohio 
DIAMOND SPECIALTY LIMITED, Windsor, Ontario 
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General arrangement of Diamond Shot Cleaning System now being 
Penna. Electric's Shawville Station Steam Generating Units N 


has 135 foot lift system highest installation yet using standard equipmer 





Diamond developed for more economical power. 


PENNSYLVANIA ELECTRIC SELECTS 
FOR AlR 
HEATERS THAT WONT STAY GLEAN! 
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er General arrangement of Diamond Shot Cleaning System now being installed on 


Penna. Electric's Shawville Station Steam Generating Units No. 1 and 2. System 
we has 135 foot lift system . . . highest installation yet using standard equipment. 
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... With every ton of Bell & Zoller coal. What is this “miracle additive’? Any one 
of our combustion engineers. Like a doctor, they’re on call 24 hours a day, seven days a week. They 


137 
POUNDS 


ADDITIVE 














can come up with fast, accurate solutions to your combustion problems... show you how you can get 
more for each dollar you spend for fuel. All it takes is a phone call from you. Their experience is yours 
to tap. Take advantage of it. Incidentally, this is our 75th year of business. We’re proud of it, but we’re 
even prouder that we’re among the top fifteen coal producers in the nation. Our reserve picture is | 
excellent. We’d like to do business with you. And you’ll find that you'll like doing business with us! | 


SINCE 1886 


ST.LOVIS LOUISVILLE MINNEAPOLIS DECATUR,ILL. OMAHA FOND DU LAC, WIS. 
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Bell & Soller 


COAT, CODA DaT 


208 SOUTH LASALLE STREET, CHICAGO 4, ILLINOIS 
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Adding new dimensions 











Ingersoll-Rand twin-shell steam condenser with 500,000 sq. ft. of 
surface integrated with a large capacity dual side exhaust turbine 


Are you thinking big in kilowatt capacity? We are! 





That’s right! We’re thinking in terms of tomorrow’s “super capacity” 
generating units, and how our steam condensers will best fit into the 
shape of things to come. We're studying ways to further optimize steam 
flow paths...to reduce water requirements...to minimize space needed 
for installation. In short, we’re thinking big to build them smaller — 
to provide the power industry with the highest performing and the 
most compact steam condensers for any type and size of generat- 
ing unit. 





PUMPS + CONDENSERS + EJECTORS & VACUUM PUMPS Ingersoll-Rand 
a 


AIR & ELECTRIC TOOLS «+ AIR COMPRESSORS panies 11 Broadway, New York 4, N.Y. 
ee 
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Copes-Vulean Variable-iitice desyperheater 
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This ball makes the difference. Steam 
pressure lifts a weighted steel ball off its 
ring seat to a position where it is balanced 
by steam pressure and flow through the 
orifice. The ball is held concentric by In- 
conel springs and rigid guides. This is the 
only moving part in the Copes-Vulcan 
Variable-Orifice desuperheater that so ef- 
fectively controls steam temperature. 

Cooling water enters through an an- 
nular orifice surrounding the ring seat at 
the point of maximum steam velocity. The 
passage of steam through the annular 
restriction between ball and seat produces 
an aspirating effect on the cooling water 
and entrains it in an area of high turbu- 
lence over the full range of flow. 

No long run of piping is needed to mix 
the two fluids. There is no excess water to 
remove. No atomizing steam is used. 
There are no glands, stuffing boxes or 
spray nozzles. Pressure drop remains con- 
stant for all flows, and is normally 3 to 4 
psig. Write for Bulletin 1037. 
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The problem: to maintain the temperature 
of residual fuel oil at 335°-380°F using station 
steam at 1250 psig and 950°F. Because of the 
high temperature heating requirements of the 
fuel, it was necessary to use the station steam 
supply. To handle this tough assignment a sin- 
gle, combination pressure-reducing and reg- 
ulating valve, Copes-Vulcan Type CV-D, fol- 
lowed by the Copes-Vulcan Variable-Orifice 
desuperheater was used. The cooling-water 
valve is also a Type CV-D. The desuperheater 
provides steam at the right temperature to con- 
trol the fuel oil temperature and viscosity 
exactly. It has been in service over two years 
with no downtime and no operating problems. 


solves hnotty problems at two generating plants 


The problem: to deliver 420°F steam at from 
20,000 to 300,000 pounds per hour and within 
+ 5°F of the set point. Conventional desuper- 
heating equipment could not be used because 
of the low superheat (30°F) and low flow con- 
ditions. A 12-inch, 300-psig standard Copes- 
Vulcan Variable-Orifice desuperheater, with out- 
let expanded to 20-inch pipe size, was the an- 
swer. The inlet is connected with the main 
steam-distribution header carrying steam at 
220 psig and 500°F. The cooling-water supply 
is at 450 psig and 200°F. The specified pressure 
range is 425 to 475 psig. Cooling-water flow is 
automatically regulated by a Copes-Vulcan 
Type CV-D valve operated by a temperature 
controller in the steam heating supply line. 
Flow requirements at discharge temperature 
within + 5°F have been met consistently though 
inlet temperatures vary from 520°F to 550°F. 








Copes-Vulcan desuperheaters are designed for precise control of reduced steam tem- 
peratures under the most difficult operating conditions. 

In addition to the Variable-Orifice, two other types are available. The Carburetor-T ype 
desuperheater injects cooling water into the system with a spray nozzle. Available in 
standard 2-inch through 12-inch sizes in 150- through 600-pound pressure standard for 
cast steel. Larger sizes and higher pressure standards are available on special application. 
Write for Bulletin 1056. 


Steam-Assist desuperheater has negligible permanent pressure loss on loads of 15% to 
100% of maximum. This in-line desuperheater normally uses assisting steam only on light 
loads where control is most difficult. Write for Bulletin 1024-A. Copes-Vulcan Division, 


Erie 4, Pennsylvania. 
Copes- Vulcan Division 


BLAVWW/-KNOX 


Blaw-Knox designs and manufactures for America’s growth industries: METALS: Rolling Mills ¢« Steel Process- 

ing Lines ¢ Rolls ¢ Castings * Open Hearth Specialties * PROCESSING: Process Design, Engineering and Plant 
BLAW KNOX Construction Services * Process Equipment and Pressure Piping * CONSTRUCTION: Concrete and Bituminous 
Paving Machines ¢ Concrete Batching Plants and Forms ¢ Gratings * AEROSPACE: Fixed and Steerable 
Antennas * Radio Telescopes * Towers and Special Structures * POWER: Power Plant Specialties and Valves 
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New 
Hancock 


isolation 


Valve 


HELPS SIMPLIFY EMERGENCY REPAIRS 


Specifically designed to isolate the Consolidated “Electromatic” 
Relief Valve from the boiler or superheater, this new Hancock Steel 
Isolation Valve reduces both repair costs and work time by permit- 


ting the unit to stay on the line. 


Installed under the “Electromatic,” the Hancock Isolation Valve 
utilizes a new type of pressure seal bonnet joint which employs 


internal system pressure to help provide an extremely tight seal. 


The seal ring is not subject to full bonnet load. Seat rings, wedge, 


and back seating surface are Stellite-faced for long wear. The design Consolidated “Electromatic” Relief Valve. An 
automatic electrically-actuated valve that as- 
sures accurately balanced boiler operation at 
illustrated above, with By-Pass Valve to permit equalization of pres- peak loads and more uniform line pressure. 
It saves steam, pure water, fuel, and “wear 
and tear’ on spring-loaded valves. It can also 


— o be set to operate before the safety valves 
Complete specification data sent on request. Write today. and thus becomes the working valve. 


is streamlined for clean piping installation. Can be furnished, as 


sure on both sides of the wedge for easier opening. 


MAXWELL HANCOCK STEEL VALVES 


A product of 


MANNING, MAXWELL & MOORE, INC. 


Valve Division « Watertown, Massachusetts 

Canada; Manning, Maxwell & Moore of Canada, Ltd., Galt, Ontario 
Latin America: Export Division, Chrysler Building, New York, N. Y 
Europe: Manning, Maxwell & Moore, §.A., Fribourg, Switzerland 


MANNING 
N| JUOOW 9 
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STACK WITH | 
THE MIDAS TOUCH’ | 











MYTHOLOGY: The Midas Touch changed objects into gold. 


TECHNOLOGY: This ore smelter goes Midas one better—by extracting gold, silver, 
copper and zinc from smoke. 
Whether recovery or smoke abatement is the objective, depend upon the 
performance of Koppers Electrostatic Precipitators. 
Koppers—a leading manufacturer of gas cleaning equipment for industry. 


*Facts available on request 


xopers|] ELECTROSTATIC PRECIPITATORS 


a» ww Engineered Products Sold with Service © Baltimore 3, Maryland 











NEW FEEDWATER 








CHEATER TUBE 











provides high strength 
...at lower cost 


ANACONDA CUPRO NICKEL, 30%-707 pro- 
vides important money-saving advantages over 
generally used feedwater heater tube alloys. 
Approved for condenser and heat exchanger 
use by the ASME Boiler & Pressure Vessel Code 
Committee, it offers highly desirable properties 
for power plant feedwater heaters... at lower 
initial cost. 

A point-by-point comparison of mechanical 
properties is detailed in our Publication B-45. 

Of course, this high-strength copper-nickel- 
iron tube alloy is only one of the many Ana- 
conda alloys available for various types of heat 
exchangers. These include arsenical admiralty, 
red brass, 10% and 30% cupro nickels, phos- 
phorized coppers, and Anaconda’s own Ambra- 
loys, Ambronze, and Everdur®. 

For the complete story, ask your nearest 
Anaconda technical representative, or send for 
our 44-page Publication B-2 and Cupro Nickel, 
30%-707 Publication B-45. Address: Anaconda 
American Brass Company, Waterbury 20, 
Conn. In Canada: Anaconda American Brass 
Ltd., New Toronto, Ontario. 


CUPRO NICKEL, 30%-707 


Weldable 

High Strength 

Corrosion Resistant 
Stress-corrosion Resistant 








ANACONDA 


AMERICAN BRASS COMPANY 
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Super F'ilmeen’ 


reduces tube failure 


by 85% for big 
Eastern utility 


THE PROBLEM: Severe corrosion of feedwater heater tubes, 
particularly in plants operating on peak loads. In just one 
such plant, 325 tubes failed in 1959. 


THE CAUSE: Oxygen inleakage during idle periods resulted 
in a free oxygen content as high as 6.5 ppm at startup and 
0.10 ppm even after several hours of operation. Other con- 
tributing factors were small amounts of ammonia and carbon 
dioxide. 


THE SOLUTION: Dearborn engineers recommended patented 
Super Filmeen, the most advanced form of filming amine now 
available, to be applied to the system by injection into 
the feed water. 


THE RESULTS: 85%, reduction in tube failure within a few 
months with the rate of failure still decreasing. Reduction or 
elimination of periodic acid cleaning of boilers is likely since 
the cleaning action of Super Filmeen has removed past corro- 
sion deposits and new corrosion is greatly reduced. 

The non-wettable film characteristic of Super Filmeen, 
extending progressively in the system, has provided protection 
throughout the plant. 

Admiralty tubes, rid of corrosion products and provided with 
this film, now show a pewter-like luster. 

Why not add your plant to the growing list of those which 
are finding Super Filmeen the complete answer to stubborn 
corrosion problems? Call your Dearborn representative. Or 
write today for technical details. 


ZARBORN CHEMICAL COMPANY 
General Offices: Merchandise Mart, Chicago 54 
Dallas + Des Plaines, Ill. + Ft. Wayne + Honolulu 
Linden, N. J. - Los Angeles + Nashville « Omaha 
Pittsburgh - Toronto - Havana + Buenos Aires 


COMBUSTION / September 1961 





Advanced Foxboro Control Systens 


FOXBORO CONTROL PANEL at Sheldon Station, Hallam, _ tractor: Peter Kiewit & Sons, 
Nebraska. Operated for the Atomic Energy Commission Atomics International D 
by the Consumer Public Power District. General Con- tion. 


Inc. Reactor design: 
sion of North America Avia- 
Architect-Engineer: Bechtel Corporation. 


r 


rs 


— 
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FOXBORO PNEUMATIC CONSOTROLS compute power demand and 


division of load for Sheldon Station. Consotrols also control 
plant's three feed water systems. 


PORTION OF FOXBORO control panel containing pneumatic 
sotrol instruments for primary and secondary sodium flow con 
systems, and convection flow control system. 
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STEAM PRESSURE and flow measurements, plus feed 
water flow rates, are transmitted pneumatically to main 
control panel by these Foxboro M/45 Pressure Trans- 
mitters and Foxboro d/p Cell* Transmitters, 
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ecified for new-design reactor 


75,000 kw nuclear power 
plant at Sheldon Station, 
Hallam, Nebraska 
controlled by Foxboro 


One of America’s first sodium-cooled nuclear power plants will 
soon go critical at the Sheldon Station of Consumer Public Power 
District of Nebraska. The plant will produce 75,000 kw of elec- 


trical power for distribution to the greater Lincoln area. 


Plant safety, plus exacting performance and reliability require- 
ments, are of critical importance for this advanced power plant. 
Foxboro instrumentation and Foxboro engineering were chosen 


for both the heat transfer system and the reactor control system. 


For heat transfer cycles, a pneumatic advanced feed-forward 
control system links master steam pressure control directly to the 
primary and secondary sodium flow control systems, as well as to 
the neutron flux control system. Corrections for load changes are 
immediate — chance of major upset greatly reduced. 

Foxboro electronic Consotrol* instruments precisely compute 
thermal power level and control the systems to maintain constant 
power — continuously and automatically. Response is instanta- 
neous — and 100% solid-state reliable. 

Nuclear and conventional power plants — you can count on 
Foxboro engineering and instrumentation to match today’s most 
advanced power generating techniques. Ask your nearby Foxboro 
Field Engineer for full details. Or write The Foxboro Company, 


279 Norfolk Street, Foxboro, Massachusetts. 
*Reg. U.S. Pat. Off. 


OXBOR 


@eG u & PAT OFF. 
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Boiler cleaning with air 
helps Breed Plant 
reach record efficiency 


The new Breed Plant of Indiana & Michigan Electric 
Company takes only 8530 Btu of fuel to generate one 
kilowatt-hour... the lowest heat rate of any steam- 
electric plant in history! Designed by and built under 
the supervision of the American Electric Power Service 
Corporation, this plant of record size and efficiency, with 
a single 500,000 kw generating unit, is a milestone in 
the electric power industry. 

To help keep the Breed Plant operating at peak 
efficiency and lowest cost, AEP specified compressed air 
for furnace and tube bank cleaning. Three 600 hp Cooper- 
Bessemer FM-3 compressors deliver 2,020 cfm each at 
290-350 psi to the slag blowing system of the plant to 
keep the steam generator surfaces clean and efficient. 

Reports from modern power plants show that soot 
blowing with air increases the capacity, availability and 
economy of the entire steam generating system. It does 
the job more thoroughly, uniformly, with less mess and 
at less cost than with the steam method. 


For full details or for assistance on plans for your 
compression or power facilities, call our nearest office. 


BRANCH OFFICES: Grove City + New York + Washington « Gloucester 
Pittsburgh + fernon + Detroit + Chicago + Minneapolis + St. Louis 
Kansas City +" sé New Orleans + Shreveport + Houston + Greggton + Dallas 
Odessa «+ P: a * Casper + Seattle + San Francisco + Los Angeles 
SUBSIDIARIES AND DIVISIONS: Cooper-Bessemer International . .. New York 
Cooper-Bessemer, S. A Chur, Switzerland + The Hague, *therlands 
Mexico City + Buenos Aires, Argentina « Anaco, Venezuela + Caracas, Venezuela 
San Juan, Puerto Rico 

Cooper-Bessemer of Canada, Ltd. . . . Edmonton + Calgary « Toronto « Halifax 
Stratford 

The Rotor Tool Company Cleveland 

C-B Southern Houston 

The Kline Manufacturing Company . . . Galena 


GENERAL OFFICES: MOUNT VERNON, OHIO 


COMPRESSORS: BEC! ATING AND CENTRIFUGAL 
ENGINES: GAS . O1ESE AS DIESEL 
JET POWERED GAS TUR 
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Undetected flame failure can cause costly interruptions, do 


serious damage to expensive equipment and endanger lives. 


To prevent such loss, Honeywell has developed an ultraviolet 


flame detector that won't be fooled, because it positively 


differentiates between flame and hot brick. 


This flame 























Now, for the first time, you can be absolutely sure that fuel 
delivery will be stopped in the absence of flame. Honeywell's 


new C7012A Ultra-Vision* 
amplified ultraviolet signal to positively distinguish between 


Flame Detector employs an 


an actual flame (ultraviolet rays) and a hot refractory (in- 

frared rays). This revolutionary new ultraviolet sensor repre- 

sents a major breakthrough in scientific flame detection. 
Because this compact new control device is not sensitive 


to a hot refractory, flame supervision of both single and 
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The Ultra-Vision Flame 
Detector can be aimed at each individual flame in the most 


multiple burners is simplified. 
convenient way. It is the only device on the market that 
offers you this advantage. 

Best of all, this new flame detector saves you money. 
Wiring is less expensive in this system tham in a lead 
sulphide cell. It is easier to install because hot refractory 
can be ignored. And there is no further need for flame rod 
replacement, 
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senses only the flame! 


New Honeywell Protectoglo relay assures 
“maximum safety” 


Available for use with the Ultra-Vision Flame Detector or 
with standard flame rods is Honeywell's famous R4075 
Protectoglo* relay. 

This new relay features “‘maximum-safety” self-checking 
which is particularly desirable for continuously burning 
industrial burners. A self-checking circuit checks the circuit 
and the components of the Protectoglo once every second. 

The mounting cabinet of the Protectoglo has all-voltage 
terminals and a quick-disconnect control base that enables 
you to remove the relay without disconnecting any of the 
wiring. Plug-in components can easily be removed and 


replaced if necessary. 




















| 


In addition, flame-rod assemblies are available to meet 
every industrial application. Alarm contacts can be powered 
from separate line or low-voltage circuit. And a special 
zinc dichromate finish resists the corrosive effects of most 
industrial atmospheres. 


*Trademark 


Hone 
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Honeywell protects Los Angeles’ new 
$65,000,000 power plant 


Los Angeles’ Department of Power and Water installed the 
Honeywell Ultra-Vision Flame Detector and Protectoglo 
System to insure maximum flame safeguard protection for 
its new Scattergood Steam Plant. This huge power facility 
covers a 57-acre ocean front site south of the Playa del Rey 
district of Los Angeles. 

The plant now uses two 91-foot-long turbine generators 
to produce 320,000 kilowatts of power. When the entire 
complement of six generators is put into operation, the antici- 
pated output will be 1,200,000 kilowatts. 

Gas, oil or a combination of both fire the Scattergood 
boilers. Gas consumption under full load is approximately 
1,520,000 cubic feet per hour, and oil is used at 250 barrels 
an hour. Boilers are 133 feet high and furnace volume is 
65,000 cubic feet. 

For full information about Honeywell Flame Safeguard 
Control Systems, call your nearby Honeywell office. Or 
write Honeywell, Dept. CN-9-23, Minneapolis 8, Minne- 
sota. In Canada, write Honeywell Controls, Limited, Toronto 
17, Ontario. 


ywell 
Fists to Control 
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1959 STEAM-ELECTRIC PLANT HEAT RATES FROM FEDERAL POWER COMMISSION REPORT S-143 a 
Feed M 
Combustion Water Superheat 
Btu/kw-hr Meters Control Control Control Fe 
P 
1. Dickerson (Potomac Electric Power Co.) 9,007 B B B B 
2. Clinch River (Appalachian Power Co.) 9,011 B — B B co 
3. Kanawha River (Appalachian Power Co.) 9,098 B B B B D 
4. Silas McMeekin (South Carolina Electric & Gas) 9,130 — — _ — 
5. Muskingum River (Ohio Power Co.) 9,170 B B B B 
6. River Rouge (The Detroit Edison Co.) 9,170 _ — a — wi 
7. Clifty Creek (Indiana-Kentucky Electric Corp.) 9,173 B B B B 
8. G. G. Allen (Duke Power Co.) 9,174 B 6 5 B M 
9. Tanners Creek (indiana & Michigan Electric Co.’ 9,176 B B B B 
10. Shawville (Pennsylvania Electric Co.) 9,179 B _ _— B 
11. Kammer (Ohio Power Co.) 9,203 B B B B ne 
12. St. Clair (The Detroit Edison Co.) 9,250 B B B B 
13. Kyger Creek (Ohio Valley Electric Corp.) 9,284 B — B B en 
14. Portland (Metropolitan Edison Co.) 9,322 _- — _- — eff 
15. Oak Creek (Wisconsin Electric Power Co.) 9,336 B B B B 
16. Bayshore (Toledo Edison Co.) 9,365 B B B B de 
17. Milliken (N. Y. State Electric & Gas Corp.) 9,374 B — B — te 
18. Philip Sporn (Appalachian Power Co.) 9,381 B B B B 
19. John Sevier (Tennessee Valley Authority) 9,390 a — _ — 
20. Mandalay Beach (Southern California Edison Co.) 9,397 B B B B 
21. Gallatin (Tennessee Valley Authority) 9,420 — —_ _— _ 
22. Huntington (Southern California Edison Co.) 9,436 B B B B 
23. Colbert (Tennessee Valley Authority) 9,460 B B B B 
24. Will County (Commonwealth Edison Co.) 9,460 B —- B B 
25. Agua Fria (Salt River Project A.1.F. Dist.) 9,473 B B B B 
26. Salem Harbor (New England Power Co.) 9,485 B B B B 
*per 1959 Heat Rates reported by FPC 
26 September 1961 / COMBUSTION CC 
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Most efficient power plant in 1959, as rated by the 
Federal Power Commission, was Dickerson Station of 
Potomac Electric Power Co. And for measuring and 
controlling functions that helped attain this record, 
Dickerson relies on Bailey Meters and Controls. 
Moreover, in 21 out of all 26 ‘“‘most efficient” plants, 
with heat rates under 9500 Btu per kw-hr, Bailey 
Meters and Controls are used for some or all functions. 
Why? The reasons aren’t hard to find. Bailey engi- 
neers have worked hand-in-hand with leading power 
engineers for more than 45 years to advance steam-plant 
efficiency rates . . . have pioneered the research and 
development of improved measurement and control 
techniques that have produced much of today’s high 


Instruments, controls, and systems 


BAILEY METER COMPANY 


1025 IVANHOE ROAD «+ 


In Canada—Bailey Meter Company Limited, Montreal 
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Bailey Controls for combustion, feed water and steam temperatures 
at the Dickerson Generating Station of Potomac Electric Power Co. 
The Federal Power Commission reported a 1959 heat rate of 9007 Btu 
per kw-hr, ranking it as No. 1 plant in efficiency in the United States. 


NO. 1* STEAM PLANT 


and for 20 out of the next 25 “most efficient” plants, too 


wig 


reliability of steam-plant operation . . . have simplified 
and verified instrumentation and control systems to the 
point where automation can be approached confidently. 

And now, working to extend the benefits of automa- 
tion over the full range of plant operations, Bailey offers 
systems incorporating advanced techniques for scanning, 
alarming, logging, computing, digital logic and se- 
quencing . . . all co-ordinated with established analog 
equipment to provide maximum safety, economy and 
reliability . . . all compatible with the needs of power 


management, technical and nontechnical. 

Ask your nearby Bailey District Office or Resident 
Engineer how new Bailey concepts and advanced sys- 
tems techniques may be applied to your operations. 

A-164-2 


CLEVELAND 10, OHIO 
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IF YOU 

WANT 
SUPERIOR 
PRECIPITATOR 
PERFORMANCE 





A precipitator is a lifetime purchase. Once it is installed, you must live 
with it, whether you like its habits or not. Because of that Buell urges 
you to look for the following features when you are making the major 
investment represented by an electric precipitator. 


CONSTRUCTION 


1. Custom designed, flexible—Buell helps you determine your precipi- 
tator needs, then designs a unit specifically for your requirements. 
Since Buell SF Precipitator sizes change by only 16” increments, you 
can get exactly the size you need, without compromise of size, space, 
and cost. 


2. Simplified erection—Modern construction and assembly-marked 
components and a design that facilitates simple installation, make 
Buell SF Precipitators easy to erect without specialized contractors. 
Erection is supervised by Buel! engineers, to ensure satisfactory 
operation. 


3. Rugged construction—Simple, rugged construction gives you high 
efficiency, combined with negligible maintenance costs. 


GAS FLOW 


4. Uniform gas distribution—Buell designs the entire gas system for its 
precipitators—including connecting flues with adjustable turning 
vanes if needed. In addition, at the inlet, special field-adjusting baffles 
ensure uniform flow across the entire face of the unit. Buell has com- 
plete laboratory facilities to determine dust or gas flow pattern with 
specially constructed three dimensional precipitator models. 





ELECTRICAL SYSTEM 


5. Fool-proof power supply—Buell silicon rectifiers are compact, light- 
weight, highly efficient. They need no maintenance—another reason 
for the top performance of a Buell SF Precipitator. 


6. Rigid suspension—The emitting frame of a Buell SF Precipitator is 
hung from four temperature and shock resistant quartz insulators, 
each sealed in an individual heated compartment. With this rigid sys- 
tem, electrical distance from emitting to collecting electrode is held 
constant. This produces uniformly high emission for peak efficiency. 


7. Peak emission—Exclusive Spiralectrode® emitting electrodes are 
fixed top and bottom to the emitting frame. Self-tensioned and per- 
manently aligned, they present areas of maximum emission per unit 
of power input. Top emission can be maintained with maximum applied 
voltage, because Spiralectrodes eliminate misalignment. 


8. Minimum maintenance—The common maintenance headache in 
most precipitators is frequent replacement of emitting electrodes. 
Because of rugged suspension and patented electrode design, Buell’s 
10-year replacement record in this critical area is under 2%. 


RAPPING 


9. Effective rapping—avoids reentrainment—Buell mechanically raps 
one row of electrodes at a time, in a continuous cycle. Special pockets 
in collecting electrodes, and section-by-section rapping in the direc- 
tion of gas flow, ensure against reentrainment. 


You’re sure to be pleased with the superior perform- 
ance and minimum maintenance you'll get with a © 
Buell SF Precipitator! Buell Engineering Co., Inc., 

Dept. 71-1, 123 William St., New York 38, N. Y. elec- hue 
tric precipitators - cyclones + bag collectors + com- 

bination systems - classifiers. Member Industrial Gas | Norblo| 














Cleaning Institute 


September 1961 / COMBUSTION 





Col 























Plain Words 


By CAPRICORN 


Which is the subject that all engineers study but most of 
them forget; that is precise yet poetic; that is essential to engi- 
neering yet can be studied without any reference to engineering ? 
There are no prizes for picking out mathematics. 

It is the snob subject par excellence. If you don’t know the 
language of mathematics, or even if you have simply forgotten 
it, you are cut off from the lofty thoughts of those to whom it is 
familiar symbolism. When the mathematician has expressed a 
phenomenon in an equation he has the comfortable feeling he 
understands it fully and finally. In this respect he is almost 
certainly mistaken, but it gives him a degree of one-upmanship which the non-mathematician 
cannot hope to demolish. At school, when you plot the height of high tide at the estuary 
bridge every day for a month, and you produce a beautiful curve, you experience a sense of 
revelation of the mysteries of the tides. It is only later that you have a greater revelation 
that there must be innumerable and unimaginable equations which determine the fall of 
rainwater in the catchment area, its flow down the river and its meeting with the ungovern- 
able sea—‘‘far back through creeks and inlets making, Comes silent, flooding in, the main.”’ 
Then, if you have kept your mathematics in trim, you may experience a wild ambition to 
formulate all those unknown equations. 

For mathematics is like golf—it’s fun so long as you practice it often enough, but it’s hell 
if you let it go. It allows you to play the great game of “If.” Let x equal y, we say, and all 
sorts of wonderful possibilities flow from such a supposition. The basic mathematical 
philosophy that however the variables vary, the left-hand side of the equation will still equal 
the right-hand side, is very attractive in a world where everything is always annoyingly 
changing. An equation is the constant truth about changeable factors. 

Just as primitive men worshipped the sun, so might we worship mathematics. Most of 
us could be described as lapsed mathematicians, but we can still revere its power—-and get a 
real mathematician to solve our problems. One of our largest engineering groups is evi- 
dently alive to its importance, especially mathematics of the simple sort. The education 
department of Associated Electrical Industries (Manchester) Limited have produced an 
admirable brochure describing some visual aids for teaching simple arithmetical, algebraical 
and geometrical relationships. It is based on some cunning devices which are used in the 
Siemens and Halske Works school in Berlin. In a foreword to the brochure, Sir Willis Jack- 
son remarks that the devices are easy to construct and that the education department will be 
pleased to supply further information. 

I have half a mind to make them up myself and get back that old black magic. 





Who is Capricorn?* 


* Capricorn's column appears regularly in the pages of our contemporary, En- 
gineering, published in London, England. Diligent research has failed to un- 
cover his identity and Engineering’s editor, F. B. Roberts, says ". .. he is an imag- 
inary person who, | may say, is more successful than many of us who are real.” 
Capricorn’s whimsically pointed remarks continue to delight us—we think you'll 
enjoy him too. This direct quote of his is from the August 11, 1961 issue. 
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\: Plain steam installation with air heater and bled-steam feed- B: Combined Ul 


with ¢ 








C: Combined installation with preceding combustion turbine. Heat 


turbine preceding 





boiler. Heat recovery by 
circuit 


water heating 


recovery by transfer to part of feedwater 


rec steam 





P 


Fig. 1—Running from left to right across this and the facing page as well as the bottom of this one are a number of steam and gas turbine cycles held 


to be worthy possibilities. 


The Theory of Combined Steam and 


This article gives a comprehensive and unbiassed 

survey of the combinations worth considering and de- 

rives the basic thermo-dynamic relationships, which 

determine their mode of operation. These relation- 

ships, though quite simple, have not always been cor- 
rectly analysed. 


TEAM and gas turbines can be combined to produce 
mechanical power in such a way that the combined 
installation achieves a higher efficiency than the 

steam or gas turbine running alone. Several different 
arrangements are feasible, the best overall arrangement 
being dependent upon the given data and the desired 
performance. For example, it is possible to incorporate 
a gas-turbine cycle in the combustion circuit of the 
boiler of a steam system; alternatively a waste-heat 
boiler and steam turbine can be made to follow a gas 
turbine. In the first arrangement the main stress is laid 
on the steam turbine, in the second on the gas turbine. 
The primary goal is the attainment of the highest 
possible thermal efficiency, although this is not solely 
decisive for the choice of a particular system. The initial 


outlay and other factors, such as safety, ease of control, 
fuel properties, number of running hours, and so on, are 
also quite important. 


To make any general statements 








G: Gas turbine without preceding steam cycle, but followed by 
a heat-recovery steam system 
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Circuit diagrams of combined steam and gas turbine installations 


-—--— Open combustion circuit 
——— Closed water-steam circuit 


¢ = Steam part of boiler 


By C. SEIPPEL 
and 
R. BEREUTER 


Brown-Boveri & Co., Ltd. 


about such factors is, of course, impossible. In the 
present article the economics of a typical example will be 
investigated. The remarks apply to installations in- 
tended to produce only electricity. The discussion of 
the special advantages of installations for the simul- 
taneous generation of electricity and process heat was 
deliberately omitted for the sake of simplicity. 


Review of Combined Gas and Steam Turbine Plants 


Fig. 1, Fig. 1A, p. 31 and below show a number of 
layouts, with the aid of which the various possible com- 
binations of gas and steam turbines can be surveyed. 

To begin with, diagram A represents a straight- 
forward steam plant. It has been simplified as far as 
can be permitted for the illustration, but it may be 
stressed at this point that subsequent considerations will 
be devoted to all kinds of steam plants, from the simplest 
to the most complicated. The parts of the steam plant 


f = Steam turbine 
g — Generator 
h = Condenser 


i = Feedwater pump 


a = Boiler k = Feedwater heater and de-acrator 
6 = Boiler fans ‘ = Compressor 

¢ = Air heater m = Combustion and swirl chamber 
d= Combustion chamber with burner a = Gas turbine 


e = Autonomous heat-recovery steam circuit 
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D: Combined instaliatwon as C, but with air indirectly heatea 


before expansion (Velox principle) 





E: Combined istailanon with pressure-charged boiler firing 





F: Combined installanon with pressure-fired boiler, expansion 
being divided between a hot and a cold stage to reduce the 


temperature of the exhaust gases 


Fig. 1|A—-Under each of the selected combinations A to G appearing either above or onthe ‘acing page arethe major identification statistics. 


Gas Turbine Installations 


which are of interest here are: The boiler a, the boiler 
fans 6, the air heater c, the combustion chamber with at 
least one burner d, the steam section of the boiler 
comprising economizer, evaporator, superheater and 
possibly a reheater—these are indicated in the diagram 
as a simple through system e. Belonging to the turboset 
are the steam turbine f/, the generator g, the condenser 
h, the feedwater pump 7, an arbitrary number of feed- 
water heaters and de-aerating heaters k. 

In the diagrams 4, C and D the boiler is preceded 
by a gas-turbine set, the exhaust heat of which is utilized 
in the fire-box of the boiler. 

In B and C air is compressed in a compressor / and is 
heated in a special combustion and swirl chamber m to 
the desired input temperature of the expansion turbine. 
The air can be heated in an air heater before it flows into 
the combustion chamber. In the turbine m, which 
drives the compressor, the hot gas gives up power and an 
appreciable useful output in addition. This gas then 
enters the fire-box of the boiler and still contains an 
ample amount of oxygen for combustion. By compres- 
sion the air is heated by more than 100 degC. Therefore 
in the air heater it cannot reduce the temperature of the 
exhaust gases to the extent possible in A. But since 
the exhaust gases still ought to be cooled to the limit 
imposed by the dew-point and corrosion, diagram B 
contains an autonomous steam circuit o utilizing the 
waste heat. Instead of this, diagram C shows the waste 
heat being transferred to a leg of the feed-water system, 
which in many cases renders the air heater superfluous. 

In D the air is not raised to the temperature required 
by the expansion turbine by internal combustion, but by 
being heated externally in the boiler. However, this 
necessitates a costly heat exchanger; on the other hand, 
the expansion turbine operates with clean air. This, so 
far, is the only possible solution for combined installa- 
tions in which the fuel has a high ash content, particularly 
with coal. 

Diagram E shows a pressure-fired boiler, for instance 
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of the well-known ‘Velox’ type. The Velox boiler 
belongs to the combined installations as soon as its 
charging set delivers excess power, which was already 
the case with early designs of Velox units. The main 
part of the boiler precedes the gas turbine and operates 
under pressure. The other part, usually only the 
economizer, follows the gas turbine. 

In diagram F the gases are expanded in two stages: 
a high-pressure stage with high temperatures, and 
a low-pressure stage with lower temperatures, the object 
of which is to reduce the temperature of the exhaust gas 
more than can be done by a heat exchanger. The walls 
of the latter must be colder than the gases, which is 
unnecessary in the l.p. turbine. 

Finally, diagram G shows the important case of a gas 
turbine with a waste-heat boiler. (Bottom of p. 30.) 

The systems illustrated in the diagrams permit of 
certain variants. In B, C, E and F the air heater can be 
left out, which may affect the efficiency, under certain 
conditions. Moreover, it is permissible to dispense with 
recuperation in B, provided one is willing to accept a drop 
in efficiency. The air can also be compressed in several 
stages with intercoolers and the gas expanded in several 
stages with reheating. 

At this point one problem warrants special attention. 
Combined installations, such as in B and C for instance, 
have a pair of combustion chambers in series. The 
second operates with air cuntaining a reduced amount of 
oxygen, but at a high temperature, so that combustion 
does not present any difficulties. On the other hand, 
with gas or oil firing, it is possible, in the event of a mis- 
fire in one of the combustion chambers, for the flame 
to flash over explosively from the other. The installa- 
tion must consequently be built in such a way that this 
cannot cause any damage. 

Two-stage combustion has been thoroughly tested 
with gas turbines and has proved reliable. Both com- 
bustion chambers are explosion-proof. 

The idea of harnessing gas and steam turbines together 
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is by no means new. Stodola (1)! discussed utilization 
of waste heat in a steam circuit in 1922, while in 1936 
Schréder (2) drew up the main boiler connections with 
gas turbines. Numerous patents, many of which would 
not stand up to a novelty search, though, describe 
different variants. It is therefore logical to ask why 
more combined plants have not been built, if this is the 


cation in operation. It was feared that new sources of 
trouble could be introduced into the installation. It is 
considered right to think of a combined gas and steam 
plant when this does not involve any more complica- 
tions, either as regards operation or maintenance, than 
the boiler fans which it replaces. By adhering to the 
wealth of experience gained with gas turbines and charg- 
ing sets, it may be claimed this goal has been attained. 


Thermodynamics of Combined Steam and Gas Turbine 
Plants 


case. Doubtless this is partly due to a dislike of compli- 
“K T 
2700; 
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Fig. 2-—Temperature—enthalpy diagram T = f(h) 


A. STEAM PLANT WITH A GAS TURBINE IN THE COMBUSTION 
CIRCUIT 


GS raRTiNG with a steam plant as in diagram 4, the 
first question to be investigated was, under what circum- 
stances and by how much the efficiency could be im- 
proved by inserting a gas turbine in the combustion 
circuit, as shown in B. 


1. The Energy Balances 


a. Straightforward steam plant, diagram A of Fig. 1, p. 30 


For the combustion air and combustion gases Fig. 2 
shows the relationship between temperature and en- 
thalpy, referred to the enthalpy at the ambient tempera- 
ture. Plotted in this curve are the successive states in 
the combustion circuit. 

In view of the complicated diagrams which follow 
Fig. 2 has been unfolded and a method of representation 
chosen, by which the changes in energy in the combustion 
circuit can be placed successively, regardless of their 
sign. The latter can be seen from the droop or rise of 
the temperature curve, as well as from a special portion 
of the curve below the axis. (Fig. 3 which, in contrast 
to Fig. 2, is not to scale. 


1 The figures in parentheses refer to the bibliography at the close of the 
article 
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in the diagram at the left letter A stands for Air, G for gas. The diagram 
represents the conditions for Case A Fig. 1, p 30 and Table | below 


TABLE I—STRAIGHTFORWARD STEAM BOILER 
Enthalpy 

Positions Flow 
on Referred 


Diagram, to 1 kg Air 


Fig. 2 States in the Combustion Circuit Per Second 
0-1 Air heating Qo (+ 
1-2 Combustion 
Introduced as fuel with calorific value Ho 
Remaining after subtraction of losses due 
to radiation and unburnt fuel nHH,( +) 
2-3 Heat given up to steam circuit Vo (—) 
3-4 Heat given up to air heater Qo (—) 
4) Heat lost up the chimney Zo(—) 
b. Combined plant, diagram B of Fig. 1. p. 30 
Fig. 4 shows the successive states in the combustion 


circuit. From the Tables I above and II, the following 
energy balances are obtained: 


a. Steam plant (suffix ‘‘0’’) 
Qo + nulla — Vo — Qo — Zo = O 
or, solved for the heat absorbed by the steam 
Vo = nyo — Zo (1) 


b. Combined plant (without suffix) next page 


























cu : 7 2(+)- 
oo come L L_-1.-}-2(-) 
eos! 


(Dotted line below solid line V. represents steam states in the boiler). 


Fig. 3—Unfolded temperature—enthalpy diagram T = f(h) for air and 
combustion gas according to system A 
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TABLE II—COMBINED CYCLE 
Enthalpy 
Flow Referred 
to 1 kg Air 
Per Second 


Positions 
on 


Diagram, 


Fig. 4 States in the Combustion Circuit 

0-1 Compression C( +) 

1-2 Air heating Q (+) 
2-3 First combustion stage nHH,(+) 
3-4 Expansion E(-) 

5 Second combustion stage nHH2( +) 
5-6 Heat given up to steam circuit V(—) 
6-7 Heat transferred to air Q(—) 
7-8 Heat-recovery stage (recuperation) R(—) 
8-0 Heat lost up the chimney Z(-) 


C+Q0+ nH — E+ m2 -V—-QO-R-Z=0 


or, solved for the heat absorbed by the steam 

V = n,(f, + Ae) -Z-—-(E-—C)—R (2) 
The outputs of the two plants are 
a. Po 


Nien = the thermal efficiency of the steam turbine’ 
referred to the terminal output, less the 
power consumed by the drives of the 
feedwater and cooling-water pumps, and 
heat V» absorbed by the steam. 

Po, auc = the power consumed by the auxiliaries, ex- 
cepting the feedwater and cooling-water 


nnVo — Po, aur Where: (3) 


pumps.* 


? 


COMPARISONS OF PLANT A WITH PLANT B 


Let us now compare the two plants, assuming an air 
throughput of 1 kg/s and the following conditions: 

(i) The pressure and temperature of the live steam 

and if necessary of the reheated steam—and the 
vacuum and feedwater temperatures are equal in both 
cases. The internal efficiency of the steam turbine, the 
feedwater and cooling-water pumps, and the quality of 
the feed-heaters and generator are also equal in both 
cases, and hence the thermal efficiency of the steam 
turbine. This most important, and also logical, assump- 
tion naturally only applies to the hp steam circuit in B, 
but not for any recuperation circuit (top of diagram B), 
the steam data in which are limited by the gas tempera- 
ture. 

(11) The fuel input is also assumed to be equal and 
to correspond to the smallest possible excess of air 


H, + Hy, = Ho 


On page 37 the conditions are shown under which this 
assumption is justified. 

(iii) The exhaust-gas temperature is assumed to be 
equal in both cases, and thus the exhaust gas loss too. 


Z=L 


(iv) Power of the auxiliaries: The power for the 
auxiliary pumps of the steam turbine, especially the 
feedwater and cooling-water pumps, was taken into 
account in ”,, and was thus made proportional to the 
output of the steam turbine, which is reasonably accurate. 
The remaining auxiliary power is mainly consumed by 
the boiler fans in A, which are omitted in B. Instead 
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Dotted lines below solid line V are high pressure steam states in the boiler. 
Dotted below R are low pressure steam states in heat recovery circuit. 


Fig. 4—Temperature—enthalpy diagram T = f(h) for air and combustion 
gas according to system B 


b. os = ne (E =— C) + nunV + np —- ae (4) 
in which: 


Ne. = the efficiency of the generator gas-turbine set 
Np = the thermal efficiency of the utilization of the 


waste heat (recuperation efficiency) 


2 Strictly speaking, it should be borne in mind that some of the heat coming 
from the auxiliaries is utilized by the boiler and must therefore be taken into 
account in the heat and energy balances. For the sake of simplicity the re- 
covered heat is subtracted from the power of the auxiliaries, so that Pay, de 
notes the net amount 


the gas turbine operates with a back pressure which 
overcomes the boiler resistance, thereby reducing the gas 
turbine output. In the calculation we omit these two 
approximately equal terms, so that the auxiliary power 
can be expressed as Poy: = Po, auz- 

Under these assumptions the equation for the flow 
of energy (2) may be written 


V=no —-24—-(E-—C)-—-R 


or, allowing for (1), 
V=V.—-(E-C)—-R (2a) 
and the power equation (4) 


r = ne(E — C) + Neal ( Vo = (E = a = R] 
+ npR re | gee (4a) 


If we now subtract equation (3) from this, the gain 
in output per kg/s of air becomes 


e Po = aoa Nn) (E - oc — (a0 Np) R (5) 


Since equal heat input was assumed, the percentage 

improvement in the thermal efficiency of the installation, 

referred to that of the steam plant is 

dn P—Po E-C R 

i ee (ner — 1m) 0 (Nin — Mr) P, 
(6) 


The expression (5) consists of a first, positive, additive 
term corresponding to the output of the gas-turbine set 
ne(E — C) from which n,,(£ — C) must be subtracted, 
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because the amount of heat (EZ — C) is obtained from the 
gas, and thus not available for the steam cycle. It 
contains a second, negative term, namely—(n», — ng) R, 
originating from the residual heat R which performs work 
with a poorer recuperation efficiency 7, than if it had 
been utilized in the hp steam circuit with 7, via the 
air heater. 

With the aid of equation (6) it is possible to calculate 
the improvement effected by combining a gas turbine 
with a steam plant. First the recuperation power RK 
and the efficiency of recuperation n, must be studied 
more closely; later the expressions for E and C, and their 
optimization are dealt with. 


2. The Recuperation Power & 


In the straightforward steam plant the exhaust gases 
at the air inlet to the preheater are considerably hotter 
than the incoming air. The enthalpy of the exhaust 
gases, referred to the ambient temperature (Fig. 5a) 
is higher by the amount of the exhaust-gas losses Zp. 
In the combined installation the air is already heated 
to a temperature 7, by compression before it enters the 
heater. It is often warmer than the exhaust gas leaving 
the steam plant. Consequently the gas temperature 
at the outlet from the air heater has to be increased, in 
order that the heat may be transferred with a sufficient 
temperature difference.~ An obvious solution is to 
dispense with the part of the heater in which the air is 
heated to 7; in the ordinary steam plant, and to retain the 
rest of the heater unchanged. It heats the air with the 
same temperature difference between gas and air, and 
attains the same final temperature as before (Fig. 5b). 
In this case the loss of the transferred amount of heat 


corresponds exactly to the work of compression. This 
heat is supplied by the recuperator and is given by 
R=C (7) 


But there are often reasons for deviating from this 
law, as follows: 


(a) Reduction of the temperature difference between 
air and gas in the air heater. In the steam plant this is 
defined, on the one hand by the atmospheric temperature 
and, on the other, by the lowest temperature to which 
the exhaust gases may be cooled without moisture con- 
densing and giving rise to such difficulties as corrosion. 
In the combined plant the temperature difference may be 
lowered so long as this is advantageous for the efficiency, 
which should be rated higher than the extra costs for 
the heat exchanger. The enthalpy difference per second 
between gas and air is then, as may be seen from Fig. 
5e, no longer Z) but A, which is <Z». In this case the 
recuperation power is 


R= C-— (Z-— A) (8) 


(b) Here a remark concerning the ordinary steam 
plant is called for. Also, with such installations, the 
temperature difference in the air heater, which is indeed 
the cause of thermodynamic losses, can be reduced by 
pre-heating the air by low-pressure bled steam before it 
is conveyed to the flue-gas heat exchanger. The thermal 
efficiency can thus be improved. 

(c) Sometimes the recuperation power is increased 
above the value C, in order to dispense completely 
with the air heater (1—2 in diagram B). 
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5(c) Recuperation R = C — (Z — A) (System B) 





Fig. 5—Temperature thalpy diagram T = f(h) for the air heater 


(d) Instead of utilizing the heat in a waste-heat 
boiler with a special turbine, as in B, it can be used to 
heat the feedwater for the main turbine, asin C. Then 
it is advantageous for the feedwater flow to be divided 
after it passes the lower feed-heating stages. One part 
fows through the upper feed-heating stages, the rest 
through the waste-heat boiler. This is feasible since the 
“hydraulic coefficient’? of the current of water—the 
product of the specific heat and the mass flow—is greater 
than that of the gas current. Diagram C shows this 
variant. Here the air heater is shown dotted because in 
most cases it may well be dispensed with. 
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T = Temperature of exhaust gases 
T’ = Temperature of feedwater 


T” = Tempercture of bled steam 


Fig. 6—Temperature—enthalpy diagram T = f(h) in the recuperator and 
bled-steam feedwater heaters 


Fig. 6 shows the temperatures in the recuperation 
system. The gas current is cooled from 7; to 73, while 
the portion of the feedwater current is heated from 7”; 
to 7’;. The slope of the line 7’; — 7s depends on the 
ratio in which the feedwater current is divided. It 
could be made parallel to the gas line 7; — 73. It is 
still better to make 7” proportional to 7, which is not 
only simple as regards calculation, but gives an optimum 
thermodynamic result.* 

When an air heater is provided (diagrams C and D), 
/; is determined, as before, by the compression tempera- 
ture and the temperature difference in the air heater. 
In this case 


R=C-— (Z-— A) 

Care must be taken to ensure that the feedwater tempera- 
ture 7”; agrees with the final temperature of the bled- 
steam heating—or of any intermediate stage—and if it 
does not, the ratio in which the water is divided must be 


* Proof of this statement 

A quantity of heat Q is to be transferred from a medium with a given tem 
perature distribution 7 to another medium with a temperature 7’ which can 
be chosen freely. 7’ must be such that, for a given transfer area and overall 
heat transmission coefficient £, the increase in entropy is a minimum 

The heat transfer area is 


ind the increase in entropy 


7) dQ 
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changed, dispensing with the exact proportionality of 7 
and 7”. 

If the flue-gas is not used to preheat the air, 77 is 
determined by the final temperature 7’; of the feedwater 
and the temperature difference of the heat transfer from 
flue-gas to feedwater. In this case 


R= (h; — hs)M, (9) 


in which /;, , are the enthalpies and m, the mass flow 
of the flue-gases. 


3. The Recuperation Efficiency 


Of the heat to be recuperated R, only the portion 
ne is available to do work, according to Carnot’s law, i.e. 


l Ps To log, T:/Ts3 
_— y = SAO on 2 = See 
° aI. ( r )é 


T; — Ts 
owing to the linear relationship between R and 7, in 
which 7 = gas temperature; 7) = ambient temperature 
(i.e., of cooling water). 

The heat must be transferred to a working medium 
such as a stream circuit, as indicated in Fig. 4 by the 
dotted lines. The three sections of the line represent 
feed-heating, evaporation and superheating. The useful 
part of the heat contained in the steam, i.e., the “cycle 
efficiency,’’ is given by 


To (10) 


AH — To - As 
Ah 


where Ah and As represent the enthalpy (dQ and entropy 
JSdQ/T"' absorbed by the steam generator. Since the 
temperature 7” in the steam circuit is lower than 7 in the 
gas, 


tp, = (11) 


pr < Ne 


The usable energy in the steam is utilized at the 
“thermodynamic” efficiency of the turbine 74, which 
takes into account the losses in the turbine and gener- 
ator, the power used to drive the feed pump and irreversi- 
bility of the feed-heating system and condenser. 

Hence 


Ne = Npr-Nta (12) 

Winning energy from heat carriers at not unduly 
high temperatures was comprehensively studied for 
atomic power plants. Reference may be made to 
article (3) in the bibliography, which gives the funda- 
mental theory for the design of a _ recuperation 
system. The recuperation efficiency nz, can be read 
directly off Fig. 6 of that article. 

When the recuperated heat is transferred to the 
feedwater as in C and D, the output of the turbine 


We now have to find the function (7) which minimizes the integral 
Q 


Q 
1 1 1 Beep 
I = f (+= - r) + AF - 7 |-40 ri F(T)dQ 
0 0 


The Euler equation of the variation calculus 





\ being an arbitrary multiplier 
in this case is 


oF 1 A 
= Og vives — = + = = 0 
oT” ) and gives Ti TT: 
T — T’ —. we ; ‘a 
or 77 = Vi, ie., T’ is proportional to 7 
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can be equated to the two amounts of heat applied to the 
circuit per second, namely V = V’ + V" and R: 


P = na(V’ + V") + 22R 
where: 

R recuperated power from the exhaust-gas tem- 
perature to the temperature corresponding to 
the highest bleed point 

V” = power recuperated above the temperature 
determined by the highest bleed point. 


Hence VV” is applied to the whole of the feed- 
water and can thus be added to the boiler 


np can be determined as follows: 77, 73, 7’; and 7”; 
(Fig. 6) are stipulated, 7, being the given final tempera- 
ture of the gas, 7”; the given final temperature of the 
feedwater; 7; and 7”; are given by the selected tempera- 
ture differences of the preheater. Then R and the ratio 
of the division of the feedwater have to be determined, 
and the bleeding quantities taken from the thermal 
diagram of the turbine, in particular those quantities 
which would have been required to heat the diverted 
feedwater. The gain in output resulting from its remain- 
ing in the turbine can also be determined from the 
thermal diagram. 

For general investigations, in which the flow diagram 
of the plant is not exactly stipulated, the following pro- 
cedure may be adopted: the stepped curve for the 
temperature of the bled steam (Fig. 6) is replaced by a 
straight line 7”; and 7”;. The available percentage of 
the enthalpy of the bled steam is then 

log, 7";/T"s 


™* a 7". 





” 1 


This is converted at the “‘hydraulic efficiency”’ of the 


turbine, and therefore 


log. 7";/T"s 
NR = 7" _ 7. - 1% Nhydr 


If proportional temperatures are also chosen, substituting 





i (1 — 6) 7 
T” = (1 + 8") T” (13) 
we obtain 
i | log, 77/Ts ; 
l— - .—— - To tae 
in | (1 — 6’)(1 + 6”) 7; — Ts h ‘ 
(14) 


in which np, as desired, is expressed in terms of 7; and 73. 
4. The Output of the Gas-Turbine Set and the Choice of its Working Pressure 


The compression and expansion powers C and EF 
per kg/s of air are calculated with the aid of the following 
equations, the suffixes () and | referring to the stagnation 
conditions before and after the compressor blading, 3 and 
4 before and after the turbine blading (diagrams C and 


D). 
ty Coe (15) 


7) _ 


( 1 Rane 7) ) 
Tyn* (15a) 


where 7 pi/po compression ratio 


— polytropic exponent of the compression 


|= 
a, —_ . 
Cp c N% 
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(15b) 





where: 
n- = polytropic efficiency of the compressor blading 
R = gas constant 
; Mp sas in 
E = — +), ° (73 — Ts) (16) 
Mm. 
Ts = 73(enr)—a, (16a) 


where ex = p;/p4, the pressure ratio on expansion 
e = II (1 — 6p/p) 
or 


— bp/p, in which L6p/p is the sum of all 
pressure drop ratios in the inlet and outlet 
pipes of the machines, piping, combustion 
chambers, heat exchangers—and, under 
the appropriate conditions, less the resist- 
ance on the gas side of the boiler (as a 
result of assumption (iv) ) 


log.« = 


Ry] - olytropic exponent 
a, = E Te (16b) 
Cols ol expansion 
n; = polytropic efficiency of the turbine blading 
m,, Mt, = mass flow through compressor and turbine, 


respectively. The mass flow of the 
gas is greater than that of the air by the 
fuel input, and less than it by the leakage.‘ 


With the aid of equation (5) an attempt will now 
be made to obtain the compression ratio 7 which yields 
the maximum power gain and, in consequence of the 
constant heat input, the maximum efficiency. 

The equation (5) has to be differentiated and equated 
to zero. 


d(P — Py) ne) - R 


(EF — C) — (ny, - 
= 0) 


d[(ner — nm) 


In this we must distinguish between the variation and 
non-variation of the recuperation energy RX with changes 
in x. This is so when this energy is fed into an auton- 
omous steam circuit, likewise when the gas temperature 
at the inlet to the recuperator is governed by a preceding 
flue-gas air heater, and the latter influences the choice of 
the bleed points. In contrast FX is invariable when the 
temperature is only prescribed by the final temperature 
of the feedwater (/ and F, Fig. 1). This simple case 
is hereby assumed. From the above equation there 
remains 
d(E — C) = 0 
The most favorable gas turbine is the one with the 
maximum output per kg air per second, and not the 
one with the maximum efficiency. 
With the aid of equations (15) and (16) we obtain 


ais 4 ji m om 
d(E — C) = -—c,,. - dT, — — + cy, - dTs = 
mM, 
ne. 2 my, ~ ae 
Coe * A 7) . + —- * Gag dp * Ts -— = 0 
T Mm. T 
or with 


‘ The above equations apply for constant specific heat during compression 
and expansion. For general considerations this may be held to be admissible. 
For binding guarantee calculations it is essential to work with exact gas tables 
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__ Wg Cop Gy m, RR, 
ae | ae ee ee * ee a ae 
ae ro Mm, R, 
Ti =12,° 1. (17) 


Since the inlet temperatures 7), 7; are generally given, 
we may substitute 


/ l’; 
qm\4cet+ aE) 1G .— (18) 


eft Ti 


If, on the other hand, 
It is con- 


with the aid of (15a) and (16a). 
R is variable, then ny, will also be variable. 
venient to introduce the marginal value np.» of nz, which 
originates from the degree of utilization of the last ele- 
ment of input heat dR. This occurs at the highest 
temperature 7;. Hence its Carnot fraction is 1 — 
T/T; instead of 
—~ log, 13/73 Tr, 
T; — Ts 

so that, to a first approximation, 7», m, and nz may be 
substituted in this proportion. According to the 


B. GAS TURBINES WITH HEAT RECOVERY 


1. First let us consider as a gas turbine without any 
subsequent combustion, i.e., a straightforward gas 
turbine with heat recovery (diagram G). The stipu- 
lation of constant fuel input, as laid down on page 33, 
is dispensed with in this case. 

In the heat balance (2) we assume V 


nylli -Z—-(E—C)—R 0 


Oand Hy = 0. 
or, with equation (8): R = C — (Z — A) 
nyili = E+ A 
The output is 
P, = na (E — C) + 9gR — Pons 
and the efficiency 
P, ner (E — C) + npR — Pauz 


er = = (19 
a 1/n, (E + O) 





2. In the second combustion chamber (diagram B) 
the fuel energy H2 which can be increased from (0) to 
H, — H,, is added. In the steam turbine the amount 
NuNyfls is produced in addition.° 

The efficiency of the combined installation—-with 
variable amount of excess air—is given by 


P, + nunnnll» North + nanny 





H, + He H 
or 
~% (mann: nm oe (20) 
fi GT a t iT H 


5 Simultaneously the final air heating temperature can be changed and the 
ratio of the first to the second fuel input shifted, without changing the efficiency 
of the installation. This might be necessary if the gas temperature in the 
h.p. boiler were not sufficiently high to realize the desired steam cycle. It must 
then be remembered that, in subsequent equations, H; and H: are no longer 
the fuel heat inputs to the combustion chambers, but that HM: is the heat needed 
by the gas-turbine cycle alone, and H: the surplus above it 
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definition of the marginal efficiency 
d(nxR) = ne. mo * AR 


From (7) or (8) we obtain dR = dC; while, according to 


(17) and (18) 
. st — Ny eae 
—— (=. | or. 
Net — Nr. mg 


Net — Tr. mo e7E ri 


When evaluating this equation it must be borne in mind 
that 7 is implicitly included in np, my. 

In the realization of an installation it is, of course, 
not necessary to adhere strictly to the optimum working 
pressure. The price and controllability of the machines 
may give rise to modifications which, provided they are 
not unduly large, only cause quite small drops in the 
efficiency, which can be tolerated as such. However, 
the efficiency at optimum pressure should always be 
regarded as a measure of what can be attained. 


(17a) 


(1Sa) 


The H, part of the steam plant is only advantageous 
when 


7nNH > Ner 


Equation (20) shows that H. must be made as large 
as possible, provided n»n, is greater than ng,;. This 
implies that, as for the plain steam cycle, an effort should 
be made to execute combustion with the smallest possible 

The stipulation H, + H, = Ho 
on page 33 is thus justified. If, on the other hand, 
Ninny is smaller than n,7, it is preferable to substitute 
H, = 0, i.e., the second combustion stage is dispensed 
with altogether. A solution between these extremes, 
i.e., where only part of the available oxygen is utilized 
in the second combustion chamber, never brings any 
advantage, as far as the efficiency is concerned. It is 
nevertheless selected sometimes, when the relationship of 
the gas turbine output to that of the steam turbine has to 
be shifted, either for economic reasons or to obtain full 
benefit from an existing gas or steam turbine. 

The results of investigations which have been carried 
out may be summarized as follows: 


amount of excess air. 


(a) The superiority of a combined installation over a 
plain steam plant is given by equations (5) and (6). Let 
us introduce the term 


* 


NGT (21) 





nilE — C) + n2R 
E 


In the numerator is the output of a gas turbine with heat 
recovery, in the denominator the work of expansion, 
which would be equal to the heat input to a gas turbine 
with a perfect heat exchanger and without any losses in 
the combustion chamber. If this ideal gas turbine 
efficiency were substituted in (5), the gain in efficiency 
could be expressed in the following simple form: 
E 


n — mn = (nc? — nu) 7 (22) 
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Fig. 7—Efficiency of a steam plant m and combined steam-gas turbine 

installation n according to system D, in terms of the thermal efficiency 7;; of 

the steam turbine at two values of f;, the inlet temperature for the gas 
turbine 


(b) The superiority of a combined plant over a plain 
gas turbine with heat recovery may be expressed equally 
simply if we introduce a further “‘ideal’’ gas turbine 
efficiency, defined by 


nét = Ner/ NH 


This corresponds to the efficiency of the gas turbine 
with heat recovery, referred to the actual heat input 
to the gas, i.e., without combustion chamber losses. 

n Hy os 
(nm — néP) ee (23) 


7 —~ Yer = H 


(c) From the last two equations we may derive the 
following criteria for the installation with the best 
efficiency. 


"in > nc? plain steam plant 
nct > nw > néf# combined plant with additional com- 
bustion 
nc? > nw gas turbine with heat recovery, but without 
additional combustion 


The combined installation with additional heating is 
thus only advantageous when the thermal efficiency of 
the steam cycle n,, is between the limits ng? and né?. 


C. RESULTS, OTHER CIRCUIT ARRANGEMENTS AND 
CONTROL SYSTEMS 


Fig. 7 shows the efficiency of a straightforward steam 
installation 7 and that of a combined steam and gas 
plant » for a temperature of 600 and 750 C before the 


"le 
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Fig. 8—Multiplicative improvement in efficiency An/1 as a function of the 

thermal efficiency of the steam turbine 7th for combined steam-gas turbine 

installations in accordance with system D, at two values of f;, the inlet tem- 
perature to the gas turbine 


gas turbine in terms of thermal efficiency 7 of the steam 
turbine. The 7 values of a number of existing steam 
plants are also plotted (4). From this illustration it can 
be seen that an improvement of An = 7 — m can always 
be achieved with the combined installation. The 
multiplicative improvement An/n decreases with in- 
creasing nm, aS may be seen in Fig. 8, drawn to an 
enlarged scale. With higher temperatures at the inlet 
to the gas turbine the improvement is correspondingly 
greater. 

If, in a gas-turbine set, the air is compressed in several 
say m stages with intercooling, and expansion takes place 
in m stages with reheating, it is no longer permissible to 
use the equations (18) and (18a) for +. But for such 
cases it is possible to derive appropriate equations. 

Since numerical investigations of systems including 
intercooling, even with recovery of the dissipated heat 
in a partial feedwater current, so far resulted in deteriora- 
tion of the efficiency and since, on the other hand, the 
gain with reheating was very modest and only obtainable 
under definite conditions, we believe that such combina- 
tions are not interesting for the conventional gas turbine 
inlet temperatures. Present remarks are therefore con- 
fined to giving three more, simple equations which can be 
used in such cases, without going into their complicated 
derivation and application. The optimum total com- 
pression ratio for variable R and n, is given by 


a, ag (Net — nn) Na [733]; ‘ 
+=) = (24) 
(; ) 28/™[(n,, —™ Ga. mot) Tol: 





where 
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and | |, or | |; denote the geometric mean, for example 
for i the n-th root of the product of m quantities. 

The individual optimum compression and expansion 
ratios are 





m _ JSl(ne — 20) Locket . (25) 
qi/n Une: — Mn. mot) 10% f 
Tj § D3; | 1/2 or 
a a ee aS 2( 
(em) 1/m U[Zs,]) ated 


If, however, R and yn» are constant, the terms (”,, — 
nm) and (i — Np. moi) in (24) and (25) become equal to 
1. Equation (26), however, remains unchanged. 

The typical example given below deals with the 
behaviour of the set at full load. Should there be any 
importance attached to partial load, this demands 
exhaustive investigation, which can only be outlined 
here. For variable load the following alternatives 
would, for instance, have to be considered: 1. Bypass 
combustion chamber, 2. Split-shaft gas turbine, 3. 
Gas-turbine set designed for the principal load point, 
and generation of overload output by supplementary 
fans for the boiler. 


Example of a Typical Economic Investigation 


Primarily we are interested in learning which of the 
systems A to G is the most economical. In this case one 
variant, namely 46, can be eliminated straight away; 
it was merely introduced for fundamental reascns but is 
obviously a good deal more expensive than C, besides 
having a poorer efficiency. 

System Ff can only be recommended in preference to 
Ein special cases. Admittedly it offers a proved thermo- 
dynamic advantage, but this is quite insignificant. Ifa 
plant is only intended to supply heat and no electricity, 
or if, for any reasons, such as for control purposes, as 
much as possible of the power gain is to be obtained from 
the steam turbine and as little as possible from the gas 
turbine, system F will be adopted. Moreover, this 
system shows that, owing to the heat pump effect of the 
gas turbine, it should be possible in principle to attain a 
thermal efficiency of a boiler of over 100 per cent, a state- 
ment which some years ago was, quite wrongly, received 
with grave disapproval in the technical press. 

Compared with C (without air heater), system G 
is rather at a disadvantage from the efficiency aspect 
with the chosen steam cycle, but nevertheless very 
interesting in situations where, for other reasons, a gas 
turbine is employed as the main machine. 


FABLE III—COMPONENT 


In the following remarks only the systems 4, C, D and 
E without air heater will be compared with one another. 
The installations were first calculated thermodynamically 
with oil as the fuel and the prices estimated as accurately 
as possible in the limited amount of time available for 
this investigation. In order to obtain approximate 
prices without too much work, the following assumptions 
were made, which, to a certain extent, were due to the 
fact that the investigation uses data for a project 
ready for execution. 

1. For all four systems the same total steam-turbine 
output is assumed, including the auxiliaries and genera- 
tor. This yields constant costs for the steam turbine 
and boiler, and thus for the entire steam plant. 

2. Consequent upon the choice of fuel, the mixing 
temperature before the gas turbine for svstems C to E 
was fixed at 600 C. The pressure ratio was made 
optimum for each cycle. 

3. Atmospheric temperature assumed to be 15 C. 

1, Stipulated cooling-water temperature 10 C. 

5. Temperature of the exhaust gases 150 C. 

6. For A, C and D the efficiency allowing for boiler 
radiation and unburnt fuel was assumed to be 97 per 
cent, but in E was made 98 per cent, because in that 


ENERGY CONSUMPTION 
E without 


Scheme A _ D Air Heater 

Heat input per s from fuel H kw = 179,000 189 ,000 186 ,000 188 ,000 
Efficiency after radiation, including incomplete combustion 7H 0.97 0.97 0.97 0.98 
Heat transferred per s to steam nHH kw 173 ,000 183 ,000 181,000 184 ,000 
Absorbed by the steam circuit V’ + V" kw = 162,000 153 ,000 156 ,000 155,000 
Absorbed by recuperation R kw 11,600 8,000 8,800 
Output of steam turbine with V’ nu( V' + V") kw 68,300 64,700 65,800 65,600 
Power gained by recuperation nrR kw 3,630 2,470 2,720 
Total steam turbine output Psr kw 68 , 300 68 , 300 68 , 300 68 , 300 
Gas turbine output nu(E — C) kw 6,800 6,100 8,400 
Loss due to boiler fans, less gain in steam cycle AP sa: kw 380 
Reduction in gas turbine output due to expansion to boile1 

or recuperator inlet pressure, less gain in steam cycle AP@1 kw 450 960 340 
Gas turbine auxiliaries Paws kw 200 200 200 
Net output of the whole plant P kw 67 ,900 74,500 73,200 76, 200 
Quantity of live steam kg/s 54.6 51.9 52.4 52.2 
Feedwater temperature before boiler "hs 212 212 238 246 
Optimum compression ratio Topt ~5.2 5.5 6.0 
Efficiencies and improvements in per cent 
Efficiency of the plain steam plant No 38.1 38.1 38.1 38.5 
Improvement in efficiency An 1.14 0.87 1.92 
Percentage improvement on 7 An/no , 3.0 2.3 5.0 
Overall efficiency of the combined installation n 38.1 39.2 39.0 40.4 

COMBUSTION / September 1961 39 








TABLE IV 


AIR HEATER CRITERIA AND COSTS 


E 
without 
Air 
Scheme A Cc D Heater 
Air temperature before heater 
deg C 17 214 211 
Air temperature after heater, 
deg C 248 300 600 
Gas temperature before air heat 
er, deg C 350 350 650 
Gas temperature after air heater 
deg C 150 275 315 
Air mass flow in air heater, kg/s 76.2 80.6 79.4 
Gas mass flow in air heater, kg/s 80.5 85.2 84.0 


Specific heat of air in air heater, 


kJ/kg deg C 1.014 1.036 1.071 
Specific heat of gas in air heater, 

kJ/kg deg C 1.106 1.125 1.176 
Heat transferred per unit time 

Pan, kw 17 ,800 7220 33,100 

Ferritic Austenitic 

Mean temperature difference 

gas-air Aim, deg C 119 55 83 56 
kF P/AH Atm, kw/deg C 150 130 305 145 
Total pressure drop in air heater 

per cent 3.6 3.6 3.6 11.9 
Price ratio air heater/steam 

plant, per cent 1.5 1.3 3.0 10.8 
Overall price ratio air heater 

steam plant, per cent 1.5 1.3 13.8 


case the boiler is much smaller. 

7. Electrical efficiency of the generator driven by the 
gas turbine 98 per cent. 

8. In accordance with the theory developed, com- 
bustion is as complete as possible in all cases, assuming an 
air surplus of 20 per cent. 

9. The installations were all based on the following 
steam-turbine data: 


130 kg/cm? abs 
530 C 

uae 525 C 
.0.0265 kg/cm? 


Live-steam pressure 
Live-steam temperature 
Reheating temperature 
Pressure in condenser. 
7-stage bleeding for feedwater heating 

Thermal efficiency of the steam turbine. 42.2 per cent 


The price differences C-A, D-A and E-A were worked 
out. They are due to the gas-turbine set, the changed air 
heaters and feedwater heaters, the extra recuperators 
and, particularly in E, to the pressure-charged boiler. 
From the constant price of the steam plant, as per 
assumption 1, and the price differences, we can obtain 
the total price for the installation by summation. At 
the same time the net output of the complete installation 
was worked out for the various alternatives, and of 
course is not the same for all systems. But this fact is 
reflected in the cost of the installation per kw output. 
For the individual systems the following flows of energy 
per s are obtained in kw (Table IIT). 

Table IV shows the data of the air heater with approxi- 
mate prices referred to the price of the entire steam plant 
(less building and erection), which was made 100 per cent. 

In the above it is striking that in system D, the air 
heater has to have a ferritic and an austenitic section, 
owing to the high temperature, and this naturally 
increases its price. 

Table V shows the data of the recuperators with price 
estimates, again referred to the price of the entire steam 
plant, less building and erection. 

Thus all the information has been tabulated, from 
which the total prices of the installations and the cost 
of the installation per kw net output can be calculated. 

Discussion of the results can be kept quite brief. 
From the Tables it follows that system E without air heater 
is by far the most favorable variant. Not only is the 
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RECUPERATOR CRITERIA AND COSTS 
E 
without 
Scheme A Cc D Air Heater 
R be R v’ 


TABLE V 


Water temperature before recu 


perator, deg C 123 123 212 123 212 
Water temperature after recuper 
ator, deg C 212 212 238 212 246 


Gas temperature before recuper 
ator, deg C 

Gas temperature after recuper 
ator, deg C 150 150 244 150 244 

Water mass flow in recuperator, 
kg/s 

Gas mass flow in recuperator, kg/s 

Water mass flow heated by bled 
steam, kg/s 

Total water mass flow, kg/s 

Heat transferred per unit time 
> 


54.6 22.3 31.9 30.0 , 
54.6 51.9 52.4 52.4 52.2 52.2 


Prec, kw 11,600 8010 6300 8800 8400 
Mean temperature difference, 

Aim, deg C 41.7 29.4 51.2 29.4 55.4 
kF Prec/ Atm, kw/deg C 278 272 123 300 152 
Pressure drop on air side of recu- 

perator, per cent 3.9 2.2 iF 2.0 1.9 
Price ratio recuperator/steam 

plant, per cent 3.2 3.1 1.4 3.5 1.7 
Overall price ratio recuperator 

steam plant, per cent 3.2 4.5 5.2 


improvement in efficiency of this installation highest, 
but the specific price per kw is also most favorable. 
The latter is mainly due to the boiler being pressure- 
charged which, according to latest investigations, implies 
that appreciable savings in weight and price may be 
anticipated. 

Without mentioning particularly any of the data 
in this article, the following results may be gained from 
the investigations. Comparison of the four systems 
also works out in favour of £ for other fuels, such as 
natural gas or blast-furnace gas. This conclusion ought 
also to apply for coke-oven gas, although this has not 
been investigated in detail. For systems burning only 
coal it is only feasible to employ system A or D, the 
former being obviously preferable from the price aspect. 

If several fuels have to be used, the installations 


TABLE VI—PRICE COMPARISONS 
E 
without 
Air 
Scheme A C D Heater 
Complete steam turboset, 
per cent 38.5 
Boiler, per cent 30.8 
Piping, feedwater pumps, 
water treatment plant, 
cooling plant, per cent 9.6 as A as A as A 
Electrical auxiliaries, 
switchgear, per cent 17.3 
Miscellaneous, per cent 3.8 
Complete steam plant, ex 
cluding building and 
erection work, per cent 100.0 


100.0 100.0 100.0 


Price differences compared with A 

Gas turboset, per cent + Il 
Air heater, per cent 0 
Recuperator, per cent + 3 
Bled-steam feed-heating, 

per cent —- 0.6 — O 
Boiler, per cent — 11.9 
Electrical equipment and 

piping, per cent + 
Total price difference, per 

cent + 17.4 + 31.3 + 6.5 
Total price of whole in- 

stallation excluding 

building and _ erection 


| 
tots ow 
+ 


S Go 
bo ore 


P= 
= 


work, per cent 100.0 117.4 131.3 106.5 
Installation price per kw 
net output, per cent 100.0 107.0 122.0 95.0 
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naturally become more complicated, although liquid and 
gaseous fuels can both be burned in plants of system FE. 
If coal is added to these, it will be better to adopt system 
A and connect it in parallel with E on the steam side. 

In conclusion, we would like to express our conviction 


in the promising future which lies ahead of combined 
installations with pressure-charged boilers followed by 
gas turbines. It is firmly believed that, in the long run, 
these installations will conquer the field in which liquid 
and gaseous fuels are employed. 
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High-Speed Three-Color Pyrometer 


The principle of a high-speed three-color pyrometer has 
been demonstrated by a prototype instrument developed 
by G. A. Hornbeck of the National Bureau of Standards. 
The prototype is capable of making 1000 individual tem- 
perature determinations per second in the temperature 
range 1000 to 3000 C with an uncertainty of about | per 
cent. The high-speed characteristics of this pyrometer 
will be of value in the measurement of temperatures of 
limited duration. Potential applications include the 
measurement of the temperature of missile components 
during firing tests, of ablating nose-cone materials, and 
with modifications, of exploding wires. 

In essence, this instrument forms a spectrum of the 
radiation from the source, masks out all but the three 
required wavelengths, and presents these wavelengths to 
the detector sequentially. When operating at high speed, 
it is necessary to record the data with an oscilloscope, 
magnetic tape, or other high-speed recorder. 

Certain limitations inherent in one- and two-color py 
rometers have been eliminated in thisinstrument. Bright- 
ness temperatures measured with one-color pyrometers 
can be converted to true temperatures only if the spectral 
emissivities of the materials being observed are known. 
To avoid dependence upon knowledge of absolute values 
of emissivity, two-color or ratio pyrometers have been 
used in a number of applications. A limitation is once 
again encountered: the emissivities at the two wave- 
lengths must be identical. Unfortunately, this is not 
always the case. True temperatures can be obtained 
through the use of three-color pyrometery, provided the 
emissivities are a linear function of the wavelengths se- 
lected. This criterion is generally true in the near-in- 
frared region of the spectrum. Therefore, this instrument 
was developed to determine temperatures by measuring 
the intensities at three different wavelengths. 

A unique system for the separation and measurement 
of three discrete wavelengths was incorporated in this 
instrument. Radiation from the source of interest 
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passes through an entrance slit and is rendered parallel 
by a collimating mirror. The beam then passes through 
a prism and the resulting spectrum is brought in focus 
with a second mirror. The major feature of this optical 
system is a right-angle mirror placed in the vertical plane 
of the spectral image. 











Continuous records of the oxygen dissolved in boiling feed 
water and of the hydrogen entrained in steam, point to 
the corrective measures necessary to prevent otherwise 
unsuspected and costly corrosion. The Cambridge Ana- 
lyzers measure and record dissolved oxygen directly. The 
hydrogen in the steam is measure of the oxygen set free by 
dissociation. Cambridge Instruments are available for 
recording O2 and H: either separately or simultaneously. 


Send for Bulletin 148-BP 
CAMBRIDGE INSTRUMENT CO., INC. 
1618 Graybar Bidg., 420 Lexington Ave., New York 17 
PIONEER MANUFACTURERS OF PRECISION INSTRUMENTS 
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INSET: Installation of ion exchange unit to be used for deionizing water bypassed from primary loop while reactor is operating. 


How do your ion exchange requirements 
compare with those of Yankee Atomic Electric? 


AMBERLITE® ion exchange resins do three critical jobs 
for Yankee Atomic Electric Company, at this new 
136,000 kw. atom-powered station in Rowe, Mass.: 
(1) The most important is to provide reactor-grade 
makeup water for both primary and secondary loops 
of the pressurized water reactor. Raw water is taken 
from the Deerfield River, clarified and filtered, then 
passed over AMBERLITE [R-122 cation exchanger and 
AMBERLITE IRA-400 anion exchanger. (2) Water is 
continuously bypassed from primary loop and passed 
over AMBERLITE XE-150 to remove ionic impurities 


Write for this free booklet of 
case-history information on the 
many ways industry is using 
AMBERLITE ion exchange resins. 








formed by corrosion reactions. (3) AMBERLITE XE-78 
is used to remove borate ions from primary coolant 
water after cold shutdowns (boric acid solution is 
used to stop the nuclear reaction when the reactor 
is cooled below normal operating temperature). 

Whether or not your water conditioning require- 
ments are as stringent as these, Rohm & Haas can 
supply you with ion exchange resins that will serve 
you efficiently and economically. We will gladly 
furnish technical information on our complete line of 
AMBERLITE ion exchange resins. 


ROHM fF 
HAAS & 


PHILADELPHIA S,PA 


LITE 
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A Concept of Combustion Control for Firing 


Two Solid Fuels” 


By CARL E. RODENBURG' 


The Rust Engineering Company 


Increases in fuel costs and technical advances in 


manufacturing processes have caused the manage- 
ment of many industries to consider the combustion of 


waste materials. Many boiler installations burning 


one solid fuel and one or more measurable fluid fuels, 
such as gas or oil, have been installed in paper mills, 
steel mills and oii refineries to name only a few of the 


industries involved. 


ECENTLY, our engineering organization was re- 
tained to design and construct a boiler plant as 
part of an expansion program of a large eastern 
manufacturer of fine bond papers. In the past, peeled 
pulp logs had been delivered to the plant site. A large 
percentage of this wood was imported from Canada. 
Governmental export restrictions and the manufacturer’s 
successful development of a hardwood pulping process, 
inereased the use of local unpeeled pulp wood at this 
plant. When the expansion program was initiated, it 
was recognized that the capacity of the plant’s debarking 
facilities must be increased 
Methods of disposing of the bark removed from the 
logs in a new wood room were under study before invita- 
tions to bid on the new boiler were issued. It was esti- 
mated that more than 40,000 Ib of bark per hour would 
be available when the debarking units were operating 
at design capacity. Approximately 71 per cent of the 
bark is from hard woods and 29 per cent from soft. 
A heat value of 4379 Btu/Ilb at 52.96 per cent moisture 
was determined from laboratory tests of the combination 


Staff Consultant, Engineering Department 
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of barks. It is predicted that about 58 per cent of the 
total capacity of 206,000 Ib per hr, combined fuel ca- 
pacity, will be produced by bark. Therefore, disposal 
programs which excluded the combustion of this material 
were not considered. 

Several factors were definitely in favor of coal being 
selected as the second fuel for firing the new boiler. The 
plant site is located within trucking distance of several 
extensive strip mining operations. These mines produce 
a good grade of coal. It is predicted that the supply 
from these sources should be available for more than 30 
years. The cost per ton, at present, is favorable at 
26.2¢ per million Btu and is expected to maintain the 
same status relative to other fuels. All the existing 
boilers were fired with coal. Both stoker and pulverized 
fired units were in operation. 


Inspection Tour 


Having determined the fuels to be burned, a method 
of firing had to be selected. It was, therefore, decided 
that a visit should be made to several plants using these 
fuels. Only a limited number of such plants in the 
paper industry were in operation at that time. lll told, 
fewer than ten installations were located in the USA 
and an equal number in Canada. Three plants were 
visited. Two of the installations were using spreader 
stokers, pneumatic distributors and chain grates. The 
third fired pulverized coal. Hogged bark supplied to 
this unit was distributed with pneumatic spreaders on a 
chain grate below the P C burners. 

During these inspection tours it became apparent 
that the control of the combustion of these two fuels 
was very complex and required manual adjustment for 
several fuel variables. Poor fuel bed conditions, at- 


* Presented before the Solid Fuels Conference, ASME, Charleston, W. Va., 
Oct. 1960 
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tributable to high air flow through the grates, were ob- 
served. Generally, low operating efficiencies were re- 
ported. This situation was due primarily to the failure 
to adjust the excess air flow to minimum requirements. 

From these observations, it was concluded that the 
successful firing of coal and bark could be accomplished. 
Coal should be fired by a spreader stoker and bark by 
a pneumatic spreader. All fuel not burned in suspension 
should be burned on a traveling grate along with un- 
burned combustibles reinjected from the dust collecting 
apparatus. Originally, the firing of unhogged bark was 
acceptable and equipment was purchased to perform 
this operation. Later studies which revealed a serious 
transport problem justified the selection of a pneumatic 
transport system suitable only for hogged bark. This 
change did not have any appreciable effect on this con- 
cept for a control system. 


Objectives 


It was also decided that the combustion control must 
include, if practical, the following desirable features: 


1. Automatic adjustment for: 
a. Fuel moisture variations. 
b. Fuel quality variations. 
c. Kind of fuel supplied. 
Excess air flow to be kept at a minimum for all 
fuel flow variations. 
3. Bark flow to be uncontrolled. 
4. Air flow through the grate be kept at a practical 
minimum. 
5. Base load or major increment of all station load- 
ings be carried on the new boiler. 


to 


Basic Fundamentals 


After some study of these parameters our concept 
began to develop based on the following fundamentals. 
Since combustion is essentially a chemical reaction com- 
bining oxygen and a fuel, it was assumed that for any 
given steam load the air flow will remain constant. 
When firing the combined fuels at full load 206,000 Ib 
per hr the heat release is predicted to be 821,000 Btu 
per sq ft of grate surface per hour. It is also estimated 
that when firing 10,346 lb of coal per hour and 42,522 
lb of bark per hour about 293,000 Ib of air per hour will be 
required. This air flow must be divided for most effec- 
tive and efficient results between over-fire and under- 
grate service. Generally it is accepted by the industry 
that 85 per cent of the total air is required under the grate 
and 15 per cent as over fire air. When bark is made 
available we intend to determine the most practical ratio. 
Present operations show considerable fuel bed agitation 
which we believe is caused by too much excess air 
being passed through the grate and fuel bed. From 
observations it was concluded that the amount of 
fuel on the grate and its depth over the grate did 
not vary to any great degree. Therefore, the flow 
of air through the grate could be maintained at a 
minimum and constant for a given load. From reports 
made by control manufacturers’ service engineers, it 
was learned that the air required under the grate varied 
very little with variations in the proportions of bark and 
coal on the grate.. Again from observations it was de- 
termined that a considerable quantity of the fuel burned 
in suspension was not completely consumed, and it was 


a4 


This feature, it is believed, 
tends to keep the heat release at the grate for a given load 
at a very stable and near constant level regardless of the 


returned to the grate as char. 


fineness of the fuel. From observations made from the 
top of such a boiler, it was noted that considerable pulsing 
or puffing occurred as the hogged bark was introduced. 
These actions were accompanied by a lightening and 
darkening of the furnace which indicated wide variations 
in over-fire air demands. 


A preliminary flow diagram, based on these data, was 
then prepared as shown on Fig. 1. It was visualized 
that the forced draft fan inlet damper be adjusted from 
a manual control station. The air flow so created should 
be measured in the hot air duct. An impulse established 
by the measuring equipment to be transmitted to a con- 
troller on the firing equipment to create a coal flow. 
When the control impulse transmitted by the steain flow 
meter balances the air flow meter impulse a constant rate 
of coal flow will be established. An oxygen meter con- 
trols in a range of 10- to 20-per cent the over-fire air by 
throttling the damper of the fan installed for this service. 
When bark is introduced, the percentage of excess air 
will decrease. Immediately the oxygen meter reacts 
to correct this condition. As soon as the steam flow 
increases as a result of the combustion of the bark, then 
the rate of coal flow is decreased. Conversely, when 
the bark flow ceases, the coal flow will not be increased 
until the bark on the grate is consumed and the steam 
flow begins to decrease. Should the moisture or quality 
factors of either fuel change, the rate of flow of the coal 
will change as the steam flow changes. The coal flow 
increases as steam flow is reduced and decreases with an 
increases in steam flow. Since the boiler is to be loaded 
in excess of the rate at which all of the demand can be 
generated by bark alone, the coal fire acts as a pilot 
flame to ignite or maintain combustion of the bark. 
Furnace draft is to be maintained at a constant level 
by automatic control of the induced draft fan inlet 
dampers. This arrangement is the original concept of 
control to meet the conditions outlined. 


Adjustment 


It was recognized that, initially, the air-flow vs coal- 
flow ratio must be determined for several steam-flow 
rates. The calibration operation must be performed 
without over-fire air. A minimum flow of air through 
the fuel bed is desired; therefore, the lowest possible 
oxygen reading attainable is the objective. Smoking 
will be excessive but, as the operation may not be re- 
peated unless the control system requires readjustment, 
it should be permissible under any code. Having made 
the setting, the oxygen meter and over-fire air fan damper 
adjustments may be made. 


Modifications 


Fig. 2 illustrates the system installed. Three modi- 
fications were made in the design of the system before 
it was approved for installation in the owner’s plant. 
A substitute for the oxygen meter as a control instrument 
was requested. It was anticipated that high main- 
tenance costs would be incurred to keep this item in de- 
pendable and satisfactory operating condition. A me- 
chanical device replaces the oxygen meter. The ap- 
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Fig. 1—Preliminary flow diagram based on early investigations called for 
metering shown above 


paratus consists of a flapper plate in the bark chute. 
When bark is imposed on the plate, its weight causes the 
plate to drop. This movement closes an electric switch 
which activates the over-fire air fan damper controller. 
The damper then opens to admit sufficient air to meet 
the over-fire air requirements when bark is introduced 
at its maximum rate of flow. This position is the max- 
imum opening the damper is permitted. When the bark 
flow stops, the damper returns to its minimum position 
which is the point at which all the over-fire air require- 
ments are satisfied for maximum steaming capacity 
firing coal alone. 

Another modification was the addition of a device to 
sense changes in header steam pressure. It was felt 
that some insurance against an operator's failure to 
adjust the undergrate air flow for changes in station 
demands should be provided. This device will also 
select a new increment of the station load when other 
boilers are taken off or put on the line. For example, 
should the station header pressure rise, the equipment 
will act to reduce the load setting on the bark burning 
boiler by reducing the under-grate air flow. The re- 
maining station units will then automatically be ad- 
justed to carry a more normal load. Without the modi- 
fication described they could be backed off the line unless 
the operator manually reduced the load on the bark 
burning unit. If the station 
header pressure decreased, the other station units would 
be forced into an overloaded status because the bark 
burning unit was generating at a fixed level. Normally, 
the control equipment is inactive between predetermined 
limits fixed by normal variations in station header pres- 
sure. When these limits are not exceeded, no effect 
is sensed by the other elements of the system. 

A third modification was made after the boiler was put 
in operation and before bark was available. During 
this operating period, it was found that changing the 
system to permit the bark burning boiler to control 
station steam header pressure would simplify work pro- 
cedures. Therefore, a system of switches was installed 
to bypass the dead band device described. The change 
has produced very satisfactory results when burning 
coal alone. It is possible that with a uniform and steady 
bark flow satisfactory results may also be obtained. 


The reverse is also true. 
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Fig. 2—Control line diagram of the actual system installed indicaies range 
of equipment used 


Possible Combinations of Fuels 


While this concept was developed for the firing of coal 
and bark, it is conceivable that other combinations of 
fuels may be burned successfully. In every case, how- 
ever, each fuel must be studied to evaluate its cost, avail- 
ability and characteristics. Carefully select the fuel 
which is to be fired with a controlled flow. Give the 
same consideration to the one to be uncontrolled. The 
source producing a waste fuel may create a uniform, 
steady and dependable flow. Therefore, a relatively 
high-priced coal may be fired intermittently by a con- 
trolled feeder to maintain steam generation at a required 
level. Waste fuels such as bark, coffee grounds, nut 
shells, bagasse and corn cobs may be burned alone or in 
combination with coal, coke, lignite or other fuels. 


Expected Results 


As stated in the text, it is anticipated that higher 
operating efficiency can be attained by maintaining 
closer control of excess air. Less disturbance of the fuel 
bed can be achieved by keeping the flow of air through 
the bed at a practical minimum. Manual adjustments 
to correct for fuel moisture and quality changes can be 
eliminated. Intermittent flows of waste fuel can be 
handled without extensive and complicated control 
All these advantages can be achieved by the 
system described. Bark was ot made available for 
firing when this paper was prepared. Our concept there- 
fore has covered only anticipated results. 

My appreciation and gratitude are extended to Dr. 
D. T. Jackson of the Hammermill Paper Co. and to Mr. 
G. I. Seybold, Vice President-Engineering, the Rust En- 
gineering Co. for their permission to present information. 

For their invaluable aid, constructive criticism, en- 
couragement, and support in preparing and editing this 
paper, lam deeply indebted to the following gentlemen: 

The late Robert T. Sternberg, Power Superinten- 
dent, V. S. Oakes, G. S. Reed and R. W. Reynolds, 
Hammermill Co. Messrs. Wilkin, Fultineer, G. B. 
Motheral II, the Rust Engineering Co. H. Fulton of 
The Bailey Meter Co. E. C. Miller and L. P. Copian 
of The Riley Stoker Corp. Frank White, Richard 
Sample, and O. H. Keeling of the Copes Vulcan Division 
of Blaw-Knox Co. 
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Heavy media washer cleans the coarse coal—effectively reduces ash. 


The expansion of the coal cleaning plant at 
Eastern Gas and Fuel Associates’ Keystone 
mine located in McDowell County, West 
Virginia, has reached the point where much of 
the new equipment is already in test operation. 

The additional facilities at Keystone will in- 
clude heavy media washers, a heavy media 
cyclone, froth flotation cells with their associ- 
ated filtering equipment, and low-head drain 
and rinse screens, with centrifugal drying facil- 
ities. These additions permit Keystone to pro- 
vide the best low volatile coals available today. 


Designed by Eastern’s own engineering staff, 
the Keystone plant is the second in a series of 
new or modernized coal cleaning plants now 
under construction. Another similar project is 
in the planning stage. 

These plants are evidence of Eastern’s de- 
termination to continually improve their prod- 
uct and their service to customers. Call any 
Eastern Representative for information on the 
wide variety of Eastern coals. 

Eastern Coals and Eastern Customer Serv- 
ice can help you conserve your fuel dollars. 


EASTERN GAS AND FUEL ASSOCIATES 


BOSTON * BUFFALO °* CINCINNATI * CLEVELAND * DETROIT * NEW YORK 


NORFOLK * PHILADELPHIA + PITTSBURGH 
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Fig. 1-—Pressure transmitter using a bourdon tube as the primary element 


By E. E. SWANSON? 


Bailey Meter Company 


In order to appreciate the manner in which electric 
control systems are applied to the various control 
loops of utility boilers on a system-wide basis, the 
igdividual components are described in detail. 
Examples are then given of typical control systems. 


Application Of Solid State Electric Control 
To Utility Boilers® 


HE rapidly increasing demand for electric power 
has stimulated the development of larger, more 
efficient generating units. As this trend has pro- 
gressed, the control requirements of these new, larger 
units have become more complex, making it necessary to 
consider the control of the various process loops on a 
system-wide basis 
Until recently, the most frequently used electronic or 
electric controller has been a device giving proportional 
plus integral with sometimes derivative action, packaged 
with a transfer station in a panel mounted assembly. 
This concept is adequate for single element control 
arrangements consisting of one transmitter, one con- 
troller, one selector station, and one final control element. 
However, for the complex control systems now required 
for modern boiler-turbine generator units, the single- 
element approach becomes awkward since more con- 
trollers than selector stations are required. Also, con- 
troller settings are accessible to the operator from the 
front of the control panel, whereas he should normally 
limit his concern to manual-automatic transfer, manual 
control and possibly certain set-point adjustments. 


* Presented before the Summer Instrument-Automation Conference jand 
Exhibit, Toronto, Ontario, Canada, June 5-8, 1961, for the Instrument 
Society of America as Preprint No. 11-TC-61 and published inits entirety by 
permission of the ISA 
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The purpose of the discussion which follows is to de- 
velop the basic techniques required in using a system ap- 
proach to the application of solid state electric control to 
utility type boilers. In order to proceed it is first neces- 
sary to discuss briefly the design considerations and de- 
scriptions of some of the major components used in sucha 


system 
General 


The control system herein described is a combination 
of electrically and electronically operated devices de- 
signed to produce variable outputs in accordance with 
desired or point conditions. Included are the 
following major components: 


set 


1. Measuring elements and signal converters. 

2. Controller and other computing or signal manipu- 
lating devices. 

3. Hand-automatic selector stations. 

1. Valve or drive positioning systems and operators. 


Reliability is of prime importance and is achieved by 
making maximum use of static elements. That is to say, 


+ Manager, Systems Engineering 
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there are no moving parts except for valve or drive 
operators and certain transmitters. This permits almost 
infinite signal sensitivity by eliminating problems of 
backlash, dead band, and friction inherent in electro- 
mechanical devices. Circuit techniques used embody 
Ey up-to-date designs with reliable industrial grade com- 
ponents de-rated by a least 50 per cent. Equipment is 
designed into individual functional modules to allow 
; quick replacement and permit their servicing to be ac- 
_Propor tional _ Eo os aoa complished on a technician’s bench. Input and output 























Ein Rs check points (test jacks) are provided on the fronts of all 
- modules to allow rapid system trouble shooting and 
calibration. 
ar cee? ; Signal News 
! ! 
c The system uses a zero centered d-c voltage as a 
; yh a standard signal throughout—that is to say, a signal which 
Re may vary from a negative potential to a positive potential 
; as the measured variable, or demand, varies from zero to 
E, —anyirtin- +S a> * Eo 100 per cent. All transmitters, controllers, selector sta- 
Ry : a, tions, power operators make use of this standard signal. 
bi The range is a high level value measured in volts. The 
use of this type signal has the following significant ad- 
= KEo vantages: 
1. A d-c voltage signal is insensitive to a-c pickup in 
Proportional Plus Reset the interconnecting lines and independent of phase 
if. Re ' relationships. 
For) EI R, + af a| 2. Manipulation of signals for addition, limiting, 
biasing, auctioneering, is accomplished easily. 

2b 3. <A single range voltmeter can be used to monitor 


measured variables, controller outputs, drive posi- 
2 tions, throughout the system. 
f 4. Very little shock hazard is involved. 


5. Most position transmitters and flow, level, and 
pressure measuring transmitters utilize a differential 















e| transformer making it advantageous to use a simple de- 
E modulator to obtain a control signal. 
2 Summing 6. Most transmitters using a current rather than a 
g u 

E5 E (Fs Ry Eo * m% Ea. Re =4) voltage system can have their outputs easily converted to 
e- ° R; Re R3 R4 a voltage signal. 
p Eq 7. The standard signal can easily be biased and/or 
to | ranged to voltage spans such as —10 to +10 volts, 10 to 
S- 50 volts, 5 to 25 volts. 
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Transmitters and Signal Converters 


The two general classifications which can be used for 
transmitters are: (1) those producing mechanical 
position outputs; and (2) those yielding voltage or cur- 
rent outputs. 

Flow, level, and pressure transmitters use movable core 
transformer position transmitters giving electrical a-c 
outputs which are demodulated by silicon diode full wave 
bridge circuits to produce the standard d-c signal. 
Stability of this type transmitter is +'/, per cent over a 
10 F to 140 F temperature range. Fig. 1 pictures a 
typical pressure transmitter using a bourdon tube as the 
primary element. 

Transmitters such as thermocouples, resistance ther- 
mometer bridges and gas analyzers produce low level 
voltages which are amplified by solid state amplifier- 
demodulators, to produce highly linear standard d-c 
signal outputs. 

All transmitters have floating ground so that the 
ground may be established at the control cabinet to give 
either direct action or inverse action to the final element. 


Controllers 


The controllers used in the system utilize d-c opera- 
tional amplifiers with the proper input and feedback 
impedances to produce the desired control actions. Con- 
trollers are available as rate (derivative) action units, 
reset (integral) action units, proportional action units, 
algebraic summing action units or combinations thereof. 
Schematics of typical control action units are shown in 
Fig. 2. Controllers have adjustable gains (inverse of 
proportional band) of 0.2 to 10, reset rates of 0.1 to 50 
repeats per minute, and rate times of (0.04 to 10 minutes. 
All control action units utilize the same operatianal 
amplifier design 


Selector Stations 


In order for an operator to take over control of the sys- 
tem, selector stations are required. These stations pro- 
vide the means for manual-automatic transfer and the 
means for manually adjusting the final drive element. 
Two specific types are available; (1) manual-balance, 
and (2) auto-balance. Each station consists of a 
mounting case with plug-in module. At the rear of the 
case and under a cover are screw type terminal blocks for 
making the necessary external connections. All com- 
ponents of the selector station itself are contained in the 
plug-in module. This allows a quick method for removal 
for calibration, maintenance and replacement when re- 
quired 

The manual-balance selector station is shown in Fig. 
3. Its operation is functionally the same as has been in 
use on current pneumatic systems. When the left hand 
lever is in the ‘““Hand”’ position, manual control of the 
drive element is obtained by manipulation of the “‘Hand”’ 
knob at the bottom center of the station. The right 
hand lever permits the selection of either the drive posi- 
tion (output) or the measured variable (meter) to be indi- 
cated on the meter at the top. To transfer from auto- 
matic to manual, the right hand lever is placed in the 
“Deviation” position in order to compare the manual 
signal with the automatic signal. Center scale on the 
indicator at the top indicates zero deviation. Manipula- 
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Fig. 3, left, manual-balance and Fig. 4, right, auto-balance selector 
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Fig. 5-—Motor control circuit schematic diagram used for electric operators 











Fig. 6—Equipment is fabricated as modules and can be plugged into system 
cabinet above 


tion of the “‘Hand”’ knob will adjust the deviation to zero. 
Transfer to ‘“‘Hand’’ may be made using the left hand 
lever when the deviation indicated is zero. To transfer 
to. automatic, the deviation is checked and either the 
‘‘set point” or the ““‘Hand”’ may have to be adjusted to ob- 
tain zero deviation. The left hand lever may be trans- 
ferred to ‘‘auto’’ when this zero deviation is observed. 
Selector stations are available with set point adjustment, 
bias adjustment or with neither 

The auto-balance selector station shown in Fig. 4, has 
no present counterpart in pneumatic control systems. 
Unlike the manual-balance selector station, no balancing 
for zero deviation is required. All that is required to 
make a transfer from manual to automatic or automatic 
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to manual is to press the appropriate pushbutton. An 
indicating light immediately above each pushbutton 
designates the current status of the selector station. 
Manual control of the drive element is obtained by 
jogging the toggle switch at the bottom center of the 
station. A lever switch to the left of the indicator at the 
top permits observing either the drive position or the 
measured variable. Stations with set-point, bias, or 
neither of these, are available. The use of the push- 
button approach used in the auto-balance selector sta- 
tion makes possible an easy tie-in with automatic plant 
start-up equipment since simple contact closures are all 
that is required to negotiate a transfer. Interlocking for 
any specific operating requirement is therefore possible. 


Final Operator Actuators 


There are available two types of final operators for the 
electrical motor, constant speed operators and 


system 
The basic modes of operation of 


pneumatic operators. 
these are quite different. 

Electric control drives used are of the gear motor type. 
These use worm gear reductions and are self-locking in 
case of power interruption. Fig. 5 illustrates the drive 
positioning system used with the electric operators. The 
output of the controller is compared with the drive 
position signal. If the two are not equal, the magnetic 
amplifier operates to energize the reversing starter to run 
the electric drive motor in the correct direction to cause 
the position signal to equal the controller signal. Thus 
the magnetic amplifier is an error or servo amplifier. 
Sizes available range from 100 ft Ib torque to 2500 ft Ib 
torque. The position transmitter employs a cam follower 
and cam to permit the linearizing of the drive character- 
istic 

When pneumatic drives or valve operators are em- 
ployed, the voltage tie-back system is not used. Instead 
the controller signal is applied to a force balance electric 
to pneumatic converter which is located near the pneu- 
matic drive or valve. For a full range of d-c signal 
input, air loading pressure output ranges of 3-15, 3-27, or 
5-25 psi are available. A 30 psi air supply to the electric 
to pneumatic converter is required. Conventional 
pneumatic drives or valves may then be operated from 
the air loading signal obtained 


Auxiliary Devices 


In addition to the transmitters, controllers, selector 
stations and drive elements, a number of auxiliary devices 
are required to perform specific non-linear functions in 
thesystem. Some of the commonly used types are: 

1. Signal auctioneer. It is sometimes necessary to 
select the larger or smaller of two or more quantities. 
The signal auctioneer which uses a silicon diode in series 
with each signal input provides the required selection 
circuitry 

2. Signal Limiter. This device provides a means to 
limit the signal at any selected value. Actually each 
limiter has both a high and low adjustment with suitable 
setting knobs so that each may be adjusted independent 
of the other except that they may not overlap. 

3. Set point and bias power supplies are placed in the 
system usually as series connected voltages to establish 
Set points or to bias control signals. 

The basic design is similar for all of the devices above. 
Minor modifications give each the desired characteristics. 
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Other auxiliary devices include a signal monitor which 
operates a pair of relays from a transistor amplifier for 
alarm purposes; a servo multiplier which uses a tran- 
sistor amplifier and a shaded pole balancing motor with 
retransmitting slidewire to provide multiplying and 
auxiliary relay units for switching requirements. 


System Design and Packaging 


In the introduction it was stated that the nature of the 
new modern boiler units requires that control equipment 
be considered on an integrated or system-wide basis. 
The physical means of mounting the equipment must be 
designed in keeping with this philosophy. 

Fig. 6 shows a number of plug-in modules installed in 
a system cabinet which houses all equipment in the sys- 
tem except transmitters, selector stations and drive ele- 
ments. All modules are connected to a wiring plane 
by “Blue Ribbon’’ connectors to allow easy removal. 
All interconnecting wiring is done at the wiring plane 
at the rear of the cabinet. 

The individual modules are as wide as necessary to 
house the components. Module widths are in multiples 
of 1'/s-in., are 11-in. deep and 7-in. high. A maximum 
of 15 such spaces are available in each row with a total of 
10 rows possible in each cabinet. Normally, however, 
the last row or two at either the bottom or the top 
are needed for terminal blocks to which the necessary 
external connections are made. Filtered air is forced 
through the cabinet to cool the components and keep 
them clean. 


Application 


Over the years, experience with pneumatic control 
systems has resulted in the development of standard 
techniques for the application of this type of equipment. 
The application of electric control equipment requires 
the same knowledge of control theory as does the appli- 
cation of pneumatic control equipment. In other words, 
anyone who has a good understanding of boiler control 
requirements can learn to apply electric control equip- 
ment once he learns a few basic criteria. Following are 
the principles of applying electric control which are 
different or characteristic of this system: 

1. Wherever a set point or bias adjustment is re- 
quired, a set point or bias power supply must be used. 

2. Electric control action units are available in a 
number of different modes as outlined in the section 
under controllers. Some of these units are primarily for 
scaling, calibration, comparison, etc. While others pro- 
vide the actual control functions such as proportional, 
reset and rate action. Pneumatic equipment has al- 
ways combined some actions that are calibrations with 
control functions. Such is not the case with electric 
control. This achieves far greater flexibility but re- 
quires a little different thinking. Actually this separa- 
tion simplifies the system into its two logical parts, cali- 
bration and control. 

3. All control action units reverse the sign of a control 
signal as it is ‘‘passed through.’’ This means that if the 
incoming signal is a positive d-c voltage, the output will 
be negative or will be changing in a negative direction. 
This feature is used many times to advantage when re- 
versed action is required. It is, therefore, necessary to 
pay close attention to signal polarities to make sure that 
the final signal to the drive elements is correct. If not, 
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3% Tronsmutter may be AC MCT with demodulator or RSW with DC power supply 


1 Indicator on selector station reads measured variable, drive position or transfer 
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% Primary signal from action unit, selector stotion or electric 


Fig. 7— Single element control with pneumatic ee 


drive element. The output of the controller be- 
comes the drive position demand signal 


OC power supply 


Fig. 


1 Tronsmitters may be AC MCT with demodulator or RSW with 


3% Indicator on selector station reads meosured voriable, drive 
position or tronsfer deviation os selected by meter switch on front. 


8—Two element control 


Control 
- Voltage (DC) 


, 
To Pump or valve 
To Voive or Positioning system 
Drive Positioning System See Figures 4 15 


See Figs 14 &15 


Transmitters may be AC MCT with demodulator or RSW with DC power supply 


ba Jsed only if steam flow and water flow transmitters are of unequal range Othersigs 
° 


omit and adjust summing unit gains to | 

Fig. 9—Standard three element control. Its 
schematic is shown in Fig. 10 

system with 


manually adjusted set point 


the connections and hence the polarity of signals may be 
reversed by reversing the connections at either the 
transmitters or at the drive elements. Sometimes a 
signal reversal is required at a point where neither of the 
foregoing solutions can be used. In these few cases a 
proportional unit is used for sign reversal. 

4. To compare two signals in order to establish an 
error signal, one of the two signals must be reversed to be 
of opposite polarity to oppose the other signal. This 
may be done with the inputs to a summing unit or by 
connection of a set point power supply in series opposi- 
tion to an incoming signal. 

5. Multiplication can be achieved by biasing the 
signal so that it is zero based, then either a proportional 
unit or a voltage dividing potentiometer can perform the 
multiplication after which the signal must again be 
biased back to the split range reference. 

Some of the typical standard control arrangements 
are shown in Figs. 7 through 11 as follows: 
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control 


Fig. 11—Air-flow compensation system with automatic excess air adjust- 
ment 
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Fig. 7 shows a single element control with pneumatic 
drive element. This simple control consists of a trans- 
mitter with series connected adjustable power supply 
located in the selector station to establish an error signal 
to the proportional plus reset controller. The output 
of the controller becomes the drive position demand 
signal to the electric to pneumatic converter. The air 
pressure from the electric to pneumatic converter is the 
control signal to a standard pneumatic drive element. 

There is also a single element control with electric 
drive element. The control is identical to that in Fig. 7 
except that the output of the controller is transmitted to 
a three position controller (magnetic amplifier) where it 
is compared with the drive position signal. The electric 
drive positioning system has been previously described 
under Final Operator Actuators. 

Fig. 8 shows a two element control system with 
manually adjusted set point. In this system a primary 
signal such as that established by a steam flow trans- 
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mitter is used to provide the drive position demand 
signal. In order to maintain a set value of another 
yariable such as steam pressure, a transmitter with series 
connected adjustable power supply can provide an error 
signal to a proportional plus reset controller. The out- 
put of the controller becomes the correcting or readjust- 
ing signal which when added algebraically to the primary 
signal, modifies the drive position demand signal in 
order to maintain the set value of the second variable. 
The most common use of this scheme in utility boiler 
controls is for the so-called ‘‘Boiler Master’’ where the 
control signal is transmitted to both fuel and air drive 
elements for parallel operation. 

In addition there is a two element control system with 
either manually or automatically adjusted set point. 
The control system is very similar to that shown in Fig. 8. 
A separate manual loader replaces the adjustable power 
supply in the selector station. With two transmitters 
and summing unit replacing the transmitter and this 
manual loader, the control system becomes the simplest 
form of fuel-air readjusting control. In this case one of 
the transmitters is for fuel flow measurement and the 
other is for air flow measurement. These two signals 
are compared in a summing unit to establish an error 
signal to the Controller. 

Fig. 9 shows standard three element feed-water 
control. The control shown employs a_ basic 
philosophy which has long since been established as tops 
in controlling feedwater to maintain boiler drum level. 
Feedwater flow is compared with steam flow to provide an 
error signal to a proportional plus reset controller. The 
output of the controller becomes the demand signal to 
the feedwater valve or pump speed control. This 
assures sufficient feedwater flow to meet steam flow de- 
mands. However in order to maintain a set drum level, 
an additional error signal is introduced by establishing a 


here 


drum level signal and placing an adjustable power supply 
in series therewith. This second error signal is added to 
the first error signal to create a net error signal to the con- 
troller. As a further refinement to counteract the swells 
in boiler levels on load changes, a delay unit is used to 
introduce time lag to any change in the feedwater flow 
signal. 

Fig. 10 is a graphic illustration of a standard three ele- 
ment feedwater control. This illustration graphically 
portrays the diagrammatic layout shown in Fig. 10 so 
that the various components may be associated in a 
physical sense. 

Fig. 11 shows an air flow compensation system with 
automatic excess air adjustment from gas flow in a two 
fuel application using steam flow air flow as the basic air 
flow readjustment means. In two fuel applications, the 
calibration of the control system is normally adjusted for 
one of the two fuels to be used. When any of the second 
fuel is burned in parallel with the first fuel it is often 
necessary to alter the per cent excess air. Therefore the 
second fuel can be biased to give a zero voltage base and 
added with the steam flow air flow comparison to cause a 
reduction or an increase in air flow as more or less of the 
second fuel is used. 


Summary 


The application of solid-state electric control to utility 
boilers involves the same control philosophy as pneu- 
matic control plus several simple factors, such as the 
signal reversal and the automatic transfer selector sta- 
tion. The decision of whether or not to apply electric 
control may depend at the present on planned use of other 
electrical systems such as data logging, scan-alarming, 
performance monitoring, sub-loop controls, or any com- 
bination of these elements of the fully automatic plant. 


Engineering Educators Favor of Changes in Curriculum 


A majority of the nation’s civil engineering educators 
favors major changes in engineering education, including 
a pre-engineering program and extending the total period 
of education, it was announced by the American Society 
of Civil Engineers here. 

The opinion of the educators was obtained in a mail 
ballot conducted by the Society. Results were analyzed 
by ASCE’s Committee on Engineering Education, 
assisted by a special advisory group representing other 
engineering agencies concerned with education. 

Balloting of the educators followed the 1960 Conference 
on Civil Engineering Education, held at the University of 
Michigan, Ann Arbor, to which official delegates from 140 
schools with accredited curricula in civil engineering were 
invited. The educators voted on resolutions, all related 
to improvement in engineering education. 

Voting was conducted in two categories: one ballot for 
the official delegates to the conference, and the second 
ballot to the civil engineering departments of the 140 
accredited schools. 

Among the conclusions reached after a study of the 
ballots were the following: 

1. That there is an overwhelming sentiment for 
promoting the growth of graduate study in civil engi- 
neering and for the establishment of graduate professional 
schools of engineering. 
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2. That a majority is in favor of moving toward a 
pre-engineering program and in favor of extending the 
total period of education. 

3. That an overwhelming majority is in favor of 
raising the standards of performance and ethics in the 
profession by taking a firm stand on these matters 
through the American Society of Civil Engineers and 
Engineers’ Council for Professional Development, and in 
favor of taking an articulate position on the importance 
of basic scientific and cultural subjects. 

The principal resolution, which was indicative of the 
general sentiments of the educators, served as the theme 
for the conference at the University of Michigan. It 
said in part: 

‘this conference favors the growth in universities 
and colleges of a pre-engineering program for all engi 
neers, emphasizing humanistic-social studies, mathe- 
matics, basic and engineering sciences, to be followed by a 
professional or graduate civil engineering curriculum 
based on the pre-engineering program and leading to the 
first engineering degree.”’ 

Of the 90 official conference delegates voting, 60 per 
cent were for the resolution. In the civil engineering 
departments of accredited schools participating in the 
ballot, 467 educators voted for the resolution, and 356 
against, with 95 abstaining. 
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Abstracts from the Technical Press—Abroad and Domestic 


(Drawn from the Monthly Technical Bulletin, International Combustion, 
Ltd., London, W. C. 1) 


Fuels: Sources, Properties and Prepa- 


ration 


Methane from Coal. F. J. Dent. 
B.C.U.R.A. Quart. Gaz. 1960, No. 42, 
1-14, 

The Ninth Coal Science Lecture in 
which the development of processes of 
complete gasification and the produc 
tion of a gas of town gas quality was 
reviewed, 


The Physical and Chemical Properties 
of Bituminous Coal Macerals. XII. 
Small Angle X-ray Scattering of the 
Macerals and their Cokes. C. Kroger 
and G. Mues. Brennst-Chemie 1961, 
42 (Mar.), 77-83 (in German) 

The inner surface of macerals and 
their cokes determined by X-ray 
scattering has been compared with 
that by the heat of wetting method; 
they are in good agreement 


Reducing Coal Degradation in 
Bunkers. Anon. Jron and Coal Tr 
Rev. 1961, 182 (Apr. 21), 860-1. 

An anti-breakage trunking forming 
a slot or rectangular channel down 
one side of the bunker is used to guide 
coal from the top to the outlet without 
pressure from the weight of the coal in 
the bunker causing degradation. The 
installation is specially recommended 
where a spiral chute is used for feeding 
the coal. 


Steam Generation and Power Produc- 
tion 


Acoustic Attenuation and Relaxation 
Phenomena in Steam at High Tem- 
perature and Pressure. D. D. Eden, 


R. B. Lindsay and H. Zink. J. 
Engng. for Power 1961, 83 (Jan.), 
137-44. 


Preliminary investigations were 
made with a fixed-path acoustic inter 
ferometer and steam of up to 450 C 
and 100 atm but the work done so 
far does not suggest a_ relaxation 
process which would have a significant 
bearing on high speed flow properties 
of steam 


Large Strains of Drum Heads Studied 
with Silicone Rubber Models. H 
Fessler and J. J. Foreman. J. Mech. 
Engng. Sci. 1961, 3 (Mar.) 42-9. 

The model experiments have shown 
that the effect of large strains on the 
bending moments in a drum head 
ean be calculated if the relation be 
tween increase in head height and 
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pressure has been determined jand the 
bending moments for one pressure are 
known. 


Ffficiency of Coal-Fired Industrial 
Poilers. D. C. Gunn. Engineering 
1961, 191 (Apr. 14), 534-5. 

The tests were carried out on a 
vertical boiler rated at 4950 lb/hr and 
a horizontal boiler rated at 7000—9000 
lb/hr and efficiencies with oil firing 
and coal firing (on a chain-grate 
stoker) compared. In the vertical 
boiler oil firing gave an efficiency of 
about 82 per cent, the best coal only 
1.9 per cent less, in the horizontal 
boiler oil firing produced an efficiency 
of 84.9 per cent over a wide range of 
load whilst the best coal only 1 per 
cent less but over a much narrower 
range of load. This shows that with 
good coal almost the same high effi 
ciency can be obtained as with oil if a 
modern appliance is used. 
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CCNTROLLER 


Custom systems for supervision of: | 
® Flame Safeguard 
® Safety Interlocks 
® Combustion Controls 
® Cycle Programming 


Fully automatic — Model A61-128 
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Thoughts on the Development of 
German Boiler Design since 1959, 


E. Duis. Elektwirtsch. 1961, 60 (Mar 
21), 183-91 (in German). 

After a survey of general Cesign 
trends, especially toward the forced 
flow boiler with high subcritical or 
supercritical steam pressure and tem- 
peratures around 1100 F examples of 
recent boiler design for larger power 
stations are described. Most of these 
are Benson boilers with outputs of 
400-500 tons/hr, 190-210 atii and 
535-545 C and slagging furnaces 


Post-War Development in Pritish 
Water-Tube Boiler Design—II. kK 
R. Lenel. Steam Engr. 1961, 30 
(Apr.), 225-30 

The second part mainly describes 
boilers for 30 and 60 Mw units as built 
in large numbers in the early post-war 
years. The two boilers with slagging 
furnaces for Padiham power station 
each rated at 860 klb/hr, 1600 psi and 
1010/1005 F and a boiler rated at 
830 klb/hr, 1600 psi and 1060 F fora 
100 Mw unit at Castle Donington 
power station are also mentioned. 


Some Dual Circulation Boilers. R 
H. Paddon Row. J. Inst. Fuel 1961, 
34 (Apr.), 143-52. 

The reasons for introducing the 
dual-circulation boiler, definition of 
dual circulation and designs of such 
boilers are presented 


The Ejection of Water from a Tube 
Beyond the Critical Point of Water. 
E. M. Shchukin. Energomashino 
stroenie 1960, 6 (Dec.), 19-22 (in 
Russian). 

The hydrodynamic parameters of a 
forced flow water-tube boiler are 
discussed from the point of view of 
hydrodynamic stability; a method is 
given for determining the minimum 
loading of the boiler. Various as 
semblies of panels are con 
sidered; graphs are given. 

U.K.A.E.A. abstract 

From C.E.G.B. Digest 1961, 13 

(April 15), 1069 


screen 


Laggirg the Open-Air Poiler. Anon 
Pwr. Wrks. Engng. 1961, 56 (Apr.), 
295-9. 

A system of boiler lagging has been 
developed which allows for the ex 
pansion and contraction of the boiler 
itself as well as the outside cladding 
under the effect of sun or cold winds 
Particular attention has been paid to 
electrical insulation between outside 
aluminum sheets and steel lagging 
and cleading pins to prevent cor 
rosion 


Solid Fuel Firing 


Prevertion of Low-Load Smoke from 


Spreader Stokers. R. B. Engdahl 
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and W. A. Erion. Coal Utiliz. 1961, 
15 (Mar.), 15-16. 
Smoke emission at low loads is 


caused by excessive cooling of the 
furnace and can be prevented by re- 
ducing overfire air in proportion to the 
fuel feed and all leakage of air into 
the furnace. Dust emission at low 
loads can be prevented by increasing 
the fuel bed thickness as load is de 
creased. 


liquid and Gaseous Fuel Firing 


Atorrization of Liquid Fuels for Com- 
pustion. P. Eisenklam. J. Inst 
Fuel 1961, 34 (Apr.), 180-43 

Recent research has indicated that 
mass transfer (evaporation) has a 
controlling influence on atomization 
and the factors influencing rate of 
evaporation of drops and sprays are 
considered. The mechanism of disin 
tegration of a liquid drop and means 
of obtaining clouds of finely divided 
Data on per 
atomizers 


discussed 
criteria of 


drops are 


formance such 


as flow rate, drop size and spatial 
configuration of the spray are pre 
sented 


Furnaces and Combustion 


Application of Flow Research to In- 
dustrial Furnaces with Particular Em- 
phasis on Soaking Pits. H. Boe 
necke. J. Iron and Steel Inst. 1961, 
197 (Apr.), 283-95. 

German research into flew in fur 
naces by means of models and its 
application to the design of industrial 
furnaces are described. 


Investigation of a Two-Chamber Cy- 
clone Furnace with Intersecting Jets. 
A. P. Kovalev and A. S. Ippolitov 
Energomashinostroenie 1960, 6 (Nov.), 
16-19 (in Russian). 

A model is used for studying the 
effects of velocity and composition of 
the pulverized fuel on the motion near 
the burner. The system has two jets 

U.K.A.E.A. abstract 

From C.E.G.B. Digest 1961, 13 
April 15), 1086 
Water-Side Corrosion and Water 
Treatment 


The Development of Boiler Feed 
Water Treatment—III. A. G. D 
Emerson and F. R. Jarrett. Steam 
Engr. 1961, 30 (Apr.), 234-6 

This last part deals with methods 
of water treatment for high pressure 
boilers by evaporation and ion ex 
change, respectively. Waters of low 
and medium solids content are prefer 
ably treated by demineralization, 
waters of high content by 
evaporation followed by polishing in 
a mixed-bed demineralizer. Final 
treatment with hydrazine and/or 


solids 


COMBUSTION / September 1961 





DE 
OXIDES 





DiceS 


in boiler feed water 
yet 


adds no solids 


— and that may be a good reason to 
select DEOXY-SOL for treatment of 
your boiler water. But it provides 
other advantages also. 
DEOXY-SOL is a high efficiency oxygen 
scavenger, since it is a solution of 
hydrazine. And it raises the pH, sup- 
plementing any amine treatment. 
Stocks in Newark, N. J., Chicago, 
Ill., Los Angeles, Calif 


Write for informative Bulletin BW. 





ammonia is usual to prevent corrosion 
by traces of dissolved oxygen. 


Gas-Side Corrosion and Deposits 


Slurry Spraying for the Control of 
Corrosion and Deposits in Oil-Fired 
Boilers. W. F. Cantieri and R. E 
Chappel. ASME Preprint No. 60 
WA-284 1960 (Dec.), 8 pp. 

Reduction of high temperature 
corrosion and deposit formation of 
boilers fired by oil with high vana- 
dium, sulfur and sodium content by 
additives mixed with the fuel or in 
jected through the burners or ports 
not having proved successful the 
spraying of a slurry of additive and 
water through soot-blowers on to the 
superheater and reheater surfaces 
has been tried out and found to make 
the deposits sintered, spongy and 
porous. The deposits fell to the 
furnace floor in pebbles which did not 
fuse. Superheater and reheater tubes 
of the boilers on which this method 
was tried out first showed no signs of 
corrosion although some hangers and 
supports were attacked. Altogether 
more than 40 boilers of Florida Power 
and Light Co. are now so treated 


Flue Gas, Ash and Dust 


Key Point Inspection, Electrical In- 
dicators Save Time on Fly-Ash Pre- 
cipitator Maintenance. R. W 
Sickles. Combustion 1961, 32 (Mar.), 
30-2. 

It is suggested that maintenance of 
electrostatic precipitators is often 
either neglected or done unnecessarily 
and that it is sufficient to inspect a 
few important parts and consult 
electrical records before deciding on a 
complete overhaul. 


Power Generation 


Power Stations Sites in the West 
Riding. Anon. Engineer 1961, 211 
(Apr. 14), 611. 

Two sites each suitable for a 2000 
Mw power station have been found, 
one next to the existing Ferrybridge 
power station and the other at Egg 
borough, both on the river Aire. The 
Yorkshire coal fields would be able 
to provide the 5 X 10° tons of coal 
for each station. A third site on the 
river Aire at Gowdall is being investi 
gated and another on the river Don 
near the Thorpe Marsh power station 
now under construction. 


U.S.S.R. Plans Superpressure Plant. 
Anon. Power 1961, 104 (Apr.), 153. 
A power station containing four 
units is being planned each consisting 
of a boiler rated at 3800 klb/hr at 
4300 psi and 1060 F with double reheat 
to 1050 F and 600 Mw cross-com- 
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pound turbogenerator. Fuel is lig 
nite with a C.V. of 5300 Btu/Ib, 35 
per cent moisture and 16 per cent ash 
and annual consumption will be 12 
million ton. The overall thermal 
efficiency will reach 40—43 per cent 


Power Plant Developments by the 
Victoria State Electricity Commission. 
Anon. Engng. Boil. Ho. Rev. 1961, 
76 (Apr.), 104-13 

The state of 


pe yssesses 


Victoria, Australia, 
the largest known 
deposits of brown coal, of which at 


one of 


least 17,500 million ton can be eco 
nomically won in large-scale work 
ings This brown coal is used to 


produce gas and briquettes and as fuel 
in power stations. The plant in 
stalled at Yallourn ‘‘A,”’ “B,” “C,”’ 
“Dp” ana “EB Morwell and 
Hazelwood stations is described A 
330 kv link between 
generating system the Snowy 
Mountains scheme for 
the exchange of power between Vic 
toria and New South-Wales 


stations, 


exists 
and 
hydroelectric 


Fuel and Energy Required for Steel- 
making in the Open-Hearth Furnace. 
R. Mayorcas and I. H. McGregor 
J. Inst. Fuel 1961, 34 (Apr.), 153-6 


this | 


Materials, oxygen and heat balances | 


for the o.-h 
different proportions of scrap and hot 
metal 
presented 


when oxygen 
rhe of 
heat utilization for steam generation 


and using are 


influence waste 


on fuel efficiency is discussed 


Adapting the Arrighi Power Station 
to Firing by Natural Gas from Lacq: 
Control and Regulation Equipment. 


Pt. II. P. Boulogne and R. Becquet 
Tech. Mod. 1961, 53 (Mar.), 95-103 
(in French) 

rhe electrical controls for the 
regulation of gas preheat, fuel and 


air valves, and the burners and flame 
failure detailed. The 
operation of the controls when firing 


devices are 


coal and gas separately and simul 
taneously is explained 
Power and Heat for Finland. Anon 
K.S.G Register 1961, No. 5, 7-22 (in 
German) 

The new Hanasaari power station 


near Helsinki in Finland is at present 
equipped with a Mw A.E.G 
turbogenerator supplied with steam 
by a K.S.G. boiler rated at 550 klb/hr 
at 1860 and 995/995 F. The 
boiler is designed for the separate or 
simultaneous firing of pulverized coal, 
heavy fuel oil and town gas and con 
tains tilting corner burners consisting 
of 3 oil burners between 4 coal burners, 


75 


psi 


each oil burner flanked by two gas 
burners. The convection pass is di 
vided into two damper controlled 


passes, one containing the primary 
superheater, 
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furnace operating with | 


} 


| 
| 


the other the primary ! 


| DISSOLVED 
| OXYGEN 
ANALYZER 


The Model OA-1 Oxygen 
Analyzer consists of a mixed 
bed ion exchanger, a col- 
umn of pure Thallium turn- 
ings and a pair of matched 
conductivity cells, all housed 
ina stainless steel chamber. 
The increase in conductiv- 
ity of the sample on passage 
‘AM through the Thallium bed is 
directly related to the dis- 
solved oxygen content of 
the water. Each ppb oxygen adds close to 
0.035 micromhos/cm to the water con- 
ductivity at 25°C. 


The Model OA-1 Analyzer and any one of 
several types of Solu Bridge or conductiv- 
ity recorder provides a complete package 
for the measurement of dissolved oxygen 
content of boiler feedwater, etc. Mod- 
els are available for service from high 
vacuum to 100 psi (Model OA-1) and 2500 
psi (Model 0A-2). 


FOR FURTHER 
INFORMATION 
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| which 


reheater. The secondary superheater 
is composed of the tubes lining the 
furnace roof, upper front and side 
walls of the furnace and finally aq 
radiant tube platen superheater The 
secondary reheater lies in the pass 
from the furnace exit to the convection 
pass. The air preheater is of 3-pass 
cast-iron Kablitz design with a steam- 
heated preheater in front to raise 
the air entry temperature Soot 
blowers are installed in the upper part 
of the furnace and convection pass 
also contains a_ steel-shot- 
cleaner. The electrostatic precipi 
tator has a bypass for use when only 


| oil is fired. The thermal efficiency 
| is 90-91 per cent when coal fired 
| and 92 per cent when oil fired. Brief 


details are also given of a traveling- 


| grate fired boiler rated at 364 klb/hr 


| works, 


at 1963 psi and 975 F for a cellulose 
a vertical-cyclone fired boiler 
rated at 44 klb/hr at 600 psi and 
797 F for a nitrogen works and a 


pulverized coal fired boiler rated 


| at 243 klb/hr at 1430 psi and 986 C 


for a cement works 


| The Power Station Mannheim A.G. 


phase 


W. Ellrich. Energie 1961, 13 (Mar.) 
112-6 (in German) 

Station I of the 
total capacity of 12.5 Mw with steam 
284 psi and 680 F is 


year 1923 has a 


parameters of 


still operational and serves as a 
reserve It also contains the first 
high pressure boilers ever installed 


in a power station, two boilers each 
rated at 132 lb/hr at 1430 psi and 
887 F erected in 1927 which are kept 
as reserves until a new boiler is com 
missioned in 1962. Station II 
tains two natural circulation, single 
pass boilers with slagging furnaces 
each rated at 440 klb/hr at 2490 psi 
and 986 F with double reheating of the 
steam by superheated steam to 968 F 
The steam is supplied to a 43 Mw 
topping turbine and after reheating to 
two 41 Mw _  turbogenerators; the 
turbines each drive a Mw three 
phase (50 c/s) and a 15-18 Mw single 
Surplus 


con 


29 
ST) 


phase (167/; c/s) generator 
steam from station I at 270 psi is ex 
panded in a Mw condensing 
turbogenerator installed in station 
II. The net heat rate of station Il 
with double reheating is only 9000 
Btu/kwhr. A new boiler rated at 
1060 klb/hr at 2500 psi and 1004/986 
F fired t horizontal cyclones is 
under construction to supply a 55 
Mw topping turbogenerator and a 
67.5 Mw condensing turbogenerator 
for 3-phase (50 c/s) and a 40 Mw 
condensing turbogenerator for single- 
operation. It 1s 


67.5 


by 


(16? 3 C/S) 


| intended to continue the use of station 
| I for peak loads and as a reserve be- 
| cause of its exceptionally low generat- 


ing costs. 
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Piratininga, the Largest Thermal 
Power Station in South America. 
Anon. Llectrique 1961, 36 (Jan.), 
g-12 (in German). 

To the two 80 Mw sets of the 
Brazilian station have been added two 
125 Mw sets with two 1000 F, 1740 
psig boilers. Heavy oil for firing is 
pumped from the Petrobras refinery 
through a 40 km heated pipeline over 
a difference in level of 1150 ft. 

From C.E.G.B. Digest 1961, 13 
(April 15), 1057. 


The Rheinhafen Steam Power Station 
Karlsruhe of the Badenwerk A.G. 
W. Leitner. Energie 1961, 13 (Mar.), 
108-11 (in German). 

This power station contains at 
present 3 units with a total capacity 
of 230 Mw; its ultimate capacity is 
500 Mw. The first unit of 64 Mw is 
supplied by a Benson boiler with 
steam at 1635 psi and 975 F, the 
second 66 Mw unit by a Benson boiler 
with steam at 1635 psi and 1004 F and 
the third 100 Mw unit by a Benson 
boiler rated at 665 klb/hr at 2575 psi 
and 995/995 F; this latter boiler is 
provided with an 18-cornered slagging 
combustion chamber and 3 burners 
each in 6 corners, a regenerative and a 
plate-type air preheater to obtain a 
flue gas exit temperature of 266 F 
Availability of the boilers has been 
97-99% and the overall average net 
heat rate 10,300—9,600 Btu/kwhr 


Automated Plant Has One Operator. 
L. R. Eddins and J. L. Warmack 
Elect. Wrid. 1961, 155 (Apr. 3), 
49-51, 84 

Riverside station of the Gulf States 
Utilities Co. is now employed for 
peak load duty and the installation of 
automatic controls has enabled the 
reduction of personnel from 14 to | 
man. The equipment for automatic 
Starting, including burner ignition, 
operation and shutdown and _ the 
operation performed by each part are 
described 


Coal Flow for Power Generation. 
F. D Cooper. Coal Utiliz. 1961, 15 
(Mar.), 18—9. 

At the H. B. Robinson station of 
Carolina Power and Light Co. a 182 
Mw turbogenerator has been installed 
served by a twin-furnace, controlled 
circulation boiler rated at 1350 klb/hr 
at 1900 psi and 1005/1005 F equipped 
with 5 bowl mills of 45,500 lb/hr 
capacity each supplying 40 tangential 
corner burners. Coal is stored in 5 
Silos with stainless steel bottoms and 
eccentric conical connectors and 
passed to the Easy-Flo Bituminous 
Coal Research units with eccentric 
outlet to the mills. Moisture of the 
coal has been up to 9 per cent but no 
hold up has been experienced. The 
station is controlled by a monitor and 


COMBUSTION / September 1961 


Insure safe, continuous 
boiler operation with 


Reliance 
Water Columns 










Models and sizes 
for every boiler 
need to 2500 psi 
working pressure 

















Reliance High and Low Alarm Water Columns are widely 
known for their sensitive trouble-free alarm mechanism. 
Action of the float and whistle valve assembly is direct — 
foolproof. Short, unhindered float travel assures prompt 
response to slight water level variations. Reliance Alarm 
Columns, available to 900 psi, are completely assembled at 
factory and thoroughly tested before shipping . . . Above 
900 psi, forged steel columns can be equipped to supply 
electric alarm service and other safety controls . . . Reliance 
also makes gage cocks, gage valves, gage inserts, illuminators 
and vision-focusing hoods in various styles to suit all needs. 
Engineer representatives in all principal cities. 


The Reliance Gauge Column Co., 5902 Carnegie Ave., Cleveland 3, Ohio 


Reliance nolpeviees 
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FOR 
FINE 
FILTRATION, 


CHOOSE A 


/ ClaRite’ 


Undergoing laboratory testing at Croll-Reynolds: one of the ClaRite 
‘Wedgewire’ filter elements for three 415 square-foot units designed 
to filter condensate in a high-pressure generating station 


A ClaRite filter removes particles down to 1/10 of a micron by 
the precoat method — saves you money and floor space too 


This picture offers proof of precoating efficiency that no other filter 
tube can match. The ‘Wedgewire’* tube is 9 feet long by 2% inches 
in diameter — yet it retains an even precoat over its entire length. As 
the effective length of the filter tube increases, the number of tubes 
needed to meet filter area specifications decreases proportionately. 


Q.E.D.:= Fewer filter tubes are needed in a ClaRite 
filter assembly and the pressure vessel may be smaller. 
You save three ways — on installation costs, on the cost of 
the pressure vessel, and on floor space. 


Another feature of a ClaRite filter: It can be cleaned effectively and 
completely by the backwash method. Disassembly is not necessary. 

A ClaRite filter has no moving parts. Rugged, permanent filter 
elements, heavy duty construction and high quality accessory com- 
ponents slash maintenance costs and permit operation at extreme 
pressure drops. ® The exclusive design of the ‘Wedgewire’ element as- 
sembly allows faster flow rate than other types of equipment of equal 
area. ® For a booklet describing the ClaRite filter, write to the Croll- 
Reynolds Engineering Co. 


*Croll-Reynolds’ trademark 


Croll-Reynolds 
Engineering Co., Inc. 


1122 MAIN STREET, STAMFORD, CONNECTICUT 
Representatives in principal cities 








computer supplied by 300 scanning 
points. 


Plans for 580-Mw Unit Announced, 
Anon. Elec. Wrid. 1961, 155 (Mar 
27),48. A580 Mw unit with steam at 
3500 psi and 1000/1025/1050 F is to be 
installed in the Tanners Creek station 
of the Indiana and Michigan Electric 
Co. to give it a total capacity of 1105 
Mw. The unit is to be ready for 
commissioning in 1964. 


TVA 900-Mw Equipment Contracts 
Are Resolved. Anon. Elect. Wrld 
1961, 155 (Mar. 27), 76. 

TVA have announced award of an 
order to CE for a boiler rated at 6100 
klb/hr at 2400 psi and 1050 F (with 
an option for a second boiler) to 
supply a 900 Mw cross-compound 
turbogenerator of which two are on 
order. The actual site has not yet 
been decided upon but the first unit 
is scheduled to be commissioned in 
1964 


Should You Refrigerate Condenser 
Circulating Water? M_ Bjorndal and 
A. Furreboe. Pwr. Engng. 1961, 65 
(Mar.) 58-9. 

It is suggested that by using a 
closed condenser circulating water 
system with evaporation refrigeration 
added about 50 per cent savings in 
capital cost, 50 per cent in pumping 
power and 4-5 per cent increase in 
thermal efficiency can be obtained 
Evaporation of the refrigerant could 
be by waste heat in the flue gas, bleed 
steam or live steam 
are illustrated 


Instruments and Controls 


Automation—The Application of Com- 
puters to Automatic Boiler Operation. 
G. W. Kessler. Steam Engr. 1961, 
30 (Apr.), 221-4. 

A review of the advantages to be 
derived by computer control of boiler 
operation and the programming of a 
computer for this particular purpose 


Central Control Rooms: Ideas Differ. 
B. G. A. Skrotzki. Power 1961, 104 
(Apr.), 61-5 

Present opinions on control room 
location, layout and equipment differ 
so widely that it is not possible to 
establish a clear trend. 


400-Channel Digital Recorder. 
Anon. Chem. Proc. 1961, 7 (Apr.), 
38-9. 


This instrument has been installed 
at Geertruidenberg power station 
near Rotterdam to scan 350 tempera- 
tures from 20 to 700 C and 50 other 
instruments. The input signal is 
compared with a reference value and 
if outside set limits an alarm is given 
At certain intervals or by push-button 
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records 
400 channels 


command the printer one 
complete scan of the 
A similar instrument is to be installed 


jin a Polish power station 


Services at a Large Chemical Works. 
Anon. Pwr. Wrks. Engng. 1961, 56 
(Apr.), 310-7. 

Continuous increase in demand for 
steam made the replacement of several 
older boilers at the Clayton Aniline 
Co. Ltd. works imperative. In a 
new boilerhouse three water-tube 
boilers each rated at 75/90 klb/hr 
at 625 psi and 800 F equipped with 
LC.L. type L traveling grate were 
installed to supply two 5500 kw back 
pressure (60 psi) turbogenerators 
The exhaust steam is passed to the 
process mains, the high-pressure feed 
heater and after reduction to 15 psi, 
to the direct-contact feed heaters and 
deaerators 


Centrifugal Air Compressors Fill 
Needs of Large Central Generating 
Stations. M. Ragsdale. Power 1961, 
104 (Apr.), 82-4. 

The advantages of centrifugal air 
compressors for providing air for 
soot blowers, pneumatic instruments 
and controls and general services are 
outlined and a few recent installations 
in power stations described 


; 


Nuclear Energy 


Gas Cleaning in Nuclear Plants. 
H. U. Kohrt. Chem. Ing. Tech. 1961, 
33 (Mar.), 135-8 (in German) 


The various processes of cleaning gas 
containing radioactive solid or liquid 
particles are discussed with regard to 
their suitability and separation effi 


ciency. Filters made of various ma 
terials, -2-stage electrostatic pre 
cipitators, drying processes, absorp 


tion or adsorption on activated carbon 
and molecular sieves and their appli 
cation are described. 
Pressurized Subcritical Facility. 
J. Hennelly. Nucleonics 1961, 19 
Mar.), 104-5 

To obtain higher 
peratures Savannah River Laboratory 
have installed a subcritical facility 
with self-pressurizing tank heated by 
steam to 215 C. Details of 
design and construction are given 


moderator tem 


coils 


Ceramics-Thermal Conductivity. G 
Arthur. Nucl. Engng. 1961, 6 (Apr.), 
138-42. 

The increasing importance of 
ceramics in the production of fuel 
elements, moderators and structural 
elements is discussed and their densi 
ties, melting points, thermal neutron 
and thermal conduc 
tivity values of interest in reactor 
technology tabulated. Ways of in 
creasing the conductivity are de 
scribed 


cross sections 
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MR. CONSULTING ENGINEER: 


... Is industrial power-plant control 


your spec-writing setae 


DO YOU aAVE DISCORD 
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When you use subsystems and components by six different 
manufacturers it’s a real headache to coordinate and inte- 
grate—to form the fine, smooth functioning system you 
want. Even buying “unit responsibility” from a single 
manufacturer often means that you’re paying overlapping 
profits and getting “underlapping responsibility.” 

Field service costs soar when un-coordinated subsystems 
clash at assembly and client relations deteriorate at an 
amazing pace. 


OR HARMONY... with coordinated components? 
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SENSING 


DEVICES INTERLOCKS 

















Now you can avoid those hidden incompatibilities— 
eliminate the constant fear of overlooking something. 
Reliance Instrument offers complete systems with single 
manufacturing control over all subsystems and components. 
Years of study, adaptation and product improvement in- 
sure that Reliance coordinated components go together 
like steak and mushrooms. There’s no longer any need for 
hectic, time-consuming matching of units because Reliance 
supplies everything including the pipe and the wire. 

So take a vacation from spec-writing woes. Let the sys- 
tems engineering specialists at Reliance analyse your 
problem. You'll be pleasantly surprised how coordinated 
components can simplify your spec. And remember— 
cost is low when you cut out overlapping profits. 


RELIANCE INSTRUMENT 


(formerly RIMCOR) 
Division of ELECTRO-MECH Corp. 
5CO Livingston St., Norwood, N. J. e POplar 8-5770 
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Foam build-up in untreated boiler water 


No foam in boiler water treated with Concentrol 





MUST BE E STOPPED 





Carryover of solids due to foaming is in most cases continuous. 
Suspended matter helps the foam layer build up so that steam 
bubbles, with their entrained boiler water, do not break quickly 
at the steam-water interface. Thus, boiler water is carried over 
into the steam mains. 


Many plants with wet steam problems have determined that 
carryover must be stopped and have turned to the Bird-Archer 
Company for an economical solution. Bird-Archer research in 
stabilizing boiler water with high foam potential is backed by 
60 years experience. The result is the development of a highly 
effective antifoam agent called CONCENTROL. Even when 
used in relatively small dosages Concentrol is effective in com- 
bining both resistance to hydrolysis or breakdown under boiler 
temperatures and pressures with ability to control foam. 


Write for Bulletin on “Concentrol’, and name of the Bird- 
Archer Service Engineer nearest you. 


BA102 


BiIRD-ARCHER 
WATER TREATING CONSULTANTS 


The BIRD-ARCHER Company, 4337 N. American St., Phila. 40, Pa. / New York e Chicago 





The BIRD-ARCHER CO. of California, 415 Brannan St., San FranciscoeOfficesin Canada and Mexico 
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FURNACE 
BLOK’ 
“IN” 


AT LARGE EASTERN UTILITY 
OIL-FIRED BOILERS 


Fifteen months ago, a large eastern utility replaced fire- 
brick with FURNACE BLOK in the burner and target 


walls of oil-fired boilers. 


As a result of drastically 


lower erection costs and excellent service life, utility 
will now standardize on FURNACE BLOK in these walls. 








Burner wall, 8 ft. high x 26 ft. 
wide, of oil-fired boiler show- 
ing perfect condition after nine 
months’ service. 








FORMS REQUIRED. 





Monufacturers of 


Target wall, 20 ft. high x 26 ft. 
wide, of oil-fired boiler. FURNACE 
BLOK washcoated with Super 
#3000 Refractory Mortar. After 
4 nine months’ service, washcoat 
brushmarks still visible. 







FURNACE BLOK is a specially 
~_! shaped, patented, hollow refrac- 
a * tory unit. When BLOK units are 
placed and filled, they produce 
a true monolithic structure. NO 


FURNACE BLOK INFORMATION KIT 
Contains Technical information, in- 
stallation photos, cost comparisons 
and prices. Write today. 

*U.S. Patent No. 183597 


Castable and Bonding Refractories; FURNACE BLOK; 
Blankets, Block, Plastic and Fill Insulations. 
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More power to mimarings BOX BOARD 
... with the help of CLARAGE 


Mechanical draft is among several assign- the right is one of the two Clarage Type RT dou- 
ments of Clarage equipment at Alton Box Board ble inlet fans furnishing induced draft. 
Co., Alton, Illinois. Investigate the advantages dependable Ciar- 
On the left above in the power plant, a Clarage age equipment offers for YOUR mechanical draft 
Type W, Class III double inlet fan equipped installation. Contact our nearest sales engineer- 
with Vortex Control provides forced draft . . . on ing office or write us for complete literature. 


Dependable equipment for making air your servant 


CLARAGE FAN COMPANY 


Kalamazoo, Michigan 
SALES ENGINEERING OFFICES IN ALL PRINCIPAL CITIES e@ IN CANADA: Canada Fans, Ltd., 4285 Richelieu St., Montreal 
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a new concept in 
chemical cleaning 


*K 


Diagram courtesy of Foster Wheeler Corporation 





| Why Public Service Electric and Gas Company 


Chose 


Engineering, Inc. 


Bergen Generating Station, one of the newest in the system of Public Service Electric and 
Gas Company, recently was completed at a cost of $110,000,000. This modern plant has 


‘ two Foster Wheeler twin furnace steam generators each designed to supply 1,900,000 pounds 


per hour at 2350 psig throttle pressure, 1100°F. superheat, and 1050°F. reheat to a 290 
megawatt cross-compound, quadruple flow Westinghouse turbine generator. 


The advanced design of this plant required the highest degree of cleanliness in order to 
eliminate fouling problems generally encountered in the startup of a new unit. Working 
with Public Service personnel, trained Sumco engineers spent weeks setting up pro- 
cedures, flow diagrams, schedules and completing laboratory work. This intensive pre- 
liminary planning resulted in a smooth and efficient cleaning operation which eliminated 
the problems due to fouling in initial startups. 


The use of modern Sumco Hi-Flo equipment, imaginative engineering and cooperation 
between Sumco and Public Service resulted in a new standard of cleanliness. The result 
at Bergen station is a typical example of what can be achieved using Sumco’s advanced 
chemical cleaning techniques. 


Engineering, inc. CALDWELL. NEW JERSEY 





YUBA CONDENSERS 
ANY SIZE...ANY ARRANGEMENT 





165,000 square foot double twin bank surface 


condenser, designed to a “T’’, is now installed in 


Arkansas Power & Light's Helena, Arkansas plant 


& 
© 
? 
: 


MUST VERSATILE 
TUBE BANK LAYOUT 
IN THE INDUSTRY 


Other Yuba products for steam power 
plants include feedwater heaters, 
evaporators, expansion joints, cranes, 
tanks, structural steel erection, 

and scores of other items. 


Consulting Engineers: Ebasco Services Incorporated © 


YUBA SURFACE CONDENSER DESIGN ... most 
flexible...any size...any arrangement. Through design 
advances such as those incorporated in the unit above, 
Yuba illustrates the concepts you can expect from 
years of engineering leadership in the power industry. 

Yuba’s twin-bank tube layout, seen here in a two 
shell “T” type installation, promotes unobstructed, 
equally distributed flow. Through Yuba’s patented 
design, the condensate can be deaerated with oxygen 
content guaranteed to be less than 0.005 cc per liter.) 

As a design extra, Yuba staggers the tube support 
plates — reducing harmonics — eliminating vibration. 
These are some of the reasons why Yuba surface) 
condensers of all sizes have been installed in plants 
throughout the world. You’ll want to know more 
about the most versatile tube bank layout in the in- 
dustry — contact Yuba today. 


specialists in power plant equipment 


_ Tulsa, Oklahoma 
Plants in Tulsa and Honesdale, Pa. 


YUBA CONSOLIDATED INDUSTRIES, INC. 


Sales Offices in Principal Cities 








